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Abstract 
 
An epidemiological survey on the helminths of 165 foxes and 450 rural dogs from N-W Italy 
(Imperia and Savona districts) was conducted between 2010 and 2012. Foxes’ cardiorespiratory 
system, gastrointestinal tract, liver, urinary apparatus, muscle tissue and rectal faecal samples were 
examined. For each dog faecal and blood samples were collected: feacal samples were examined by 
centrifugal floatation and by Baermann technique, blood samples were Knott test, serological 
examination for antigens of Dirofilaria immitis, histochemical staining and PCR. Dogs’ serum 
samples were also tested with two newly developed ELISA tests for the detection of circulating A. 
vasorum antigens and specific antibodies. Several species of Trichuridae nematodes found during 
the study were examined by scanning electron microscopy (SEM) (applied on eggs) and were 
subjected to biomolecular techniques to characterize parts of the ribosomal and mitochondrial 
DNA (for adults and eggs), in order to investigate morphological and genetic aspects of this 
complex group of nematodes. 
A wide variety of parasites were found in foxes at necropsy: Angiostrongylus vasorum (78%), 
Eucoleus aerophilus (42%), Eucoleus boehmi (1 of 2 foxes), Crenosoma vulpis (16%) and Filaroides 
sp. (5%) in the cardiopulmonary tract; Spirocerca lupi (23.5%), Physaloptera spp. (2.5%), 
Uncinaria stenocephala (70%), Toxascaris leonina (27%), Toxocara canis (25%), Molineus legerae 
(24%), Trichuris vulpis (21%), Aonchoteca putorii (9%), Pterygodermatites affinis (5%), cestodes 
of the genus Mesocestoides (82%), of the genus Taenia (5.5%), of the family Dilepididae (27%) and 
one trematode species (Plagiorchidae) (0.6%) in the gastrointestinal tract and Pearsonema plica 
(57%) in the urinary bladder. Echinococcus multilocularis, Trichinella spp. and filarial infections 
were not found. In dogs’ coprology larvae of A. vasorum (0.6%) and C. vulpis (0.3%) and eggs of E. 
aerophilus (9.6%), E. boehmi (1.6%), T. canis (20%), T. vulpis (18%), Ancylostomatidae (12%), 
Capillaria spp. (1.8%), Physaloptera spp. (0.2%), Hymenolepis diminuta (1.1%) and Dipylidium 
caninum (0.2%) were observed. D. immitis (1.7%), D. repens (1%) and Acanthocheilonema 
reconditum (7%) were found in dogs, in a region historically free from filariosis.In a subset of dogs 
(n=347) which were contemporaneously tested with the Baermann method and with the ELISA 
tests for A. vasorum, a higher prevalence was found with serology (0.3% with the Baermann 
method, 0.6% with the ELISA tests). No cross reactions were observed with the serological tests in 
those dogs known to be positive for other parasitic infections; serology proved to be a valid 
alternative diagnostic technique for A. vasorum. 
SEM allowed distinguishing differences in the external structure of the eggs of several Trichuridae 
nematodes (E. boehmi, E. aerophilus, P. plica, Calodium hepaticum and T. vulpis). A part of the 
small subunit rRNA (18S rRNA) gene and of the mitochondrial cytochrome oxidase subunit I (mt 
COI) gene was amplified from specimens of T. vulpis, E. aerophilus, E. boehmi, P. plica, A. putorii, 
C. hepaticum (found in the liver of a fox from Cuneo and of a vole from Switzerland) and Calodium 
splenaecum (in the spleen of a Crocidura sp. from Switzerland), yielding the first 18S rRNA gene 
sequences of all the capillariid nematodes and the first mt COI sequences of E. boehmi, P. plica, C. 
hepaticum, A. putorii and T. vulpis. The 18S rRNA gene is highly conserved among the different 
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species, while interspecies divergence was much higher at the mtCOI gene locus, making it suitable 
for resolving closely related species and for the future development of Trichuridae species-specific 
primers.  
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1. INTRODUCTION 
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The red fox (Vulpes vulpes) is the most widespread wild carnivore in the world and is 
distributed throughout Italy (Larivière and Pasitschniak-Arts 1996; Genovesi 2001). It is 
widely recognized that foxes are a potential reservoir of parasites transmittable to many 
domestic and wild animals, as well as to humans. Among domestic animals the dog (Canis 
familiaris) is of particular importance, since this canid shares numerous parasitic species 
of medical and veterinary relevance with the fox. Domestic dogs, due to their close contact 
with humans, can play an important role in the transmission of parasitic zoonoses 
(Deplazes et al. 2011; Robertson et al. 2000). 
The density of the European fox population has increased in the past three decades, 
following the success of vaccinations campaigns against rabies (Chautan et al. 2000). The 
red fox is able to use a wide range of habitats and has a highly varied diet, depending on 
the availability of prey (Larivière and Pasitschniak-Arts 1996). Different habitats and diet 
composition strongly influence the helminth fauna of this wild carnivore (Hegglin et al. 
2007; Eira et al. 2006; Barbosa et al. 2005). The ecological plasticity of the species, 
together with expansive urbanization, has induced the colonization of anthropic 
environments, including urban peripheries: a number of studies showed that the red fox 
has settled in several large cities in continental Europe, North America and Australia 
(Gloor et al. 2001; Adkins and Stott 1998; Artois 1989; Macdonald and Newdick 1982). It 
may be possible that an increase in the fox population will enhance not only transmission 
of helminths within the fox community, but also the risk of transmission to humans and 
domestic animals (Saeed et al. 2006; Deplazes et al 2004). For this reason, informations 
about the parasitic fauna of the fox in an area are crucial to assess the intra- and 
interspecific transmission risk (Raincović-Janie et al. 2002).  
Parasitic zoonoses of canids- Canids are the definitive hosts of Echinococcus 
multilocularis and Echinococcus granulosus, which are responsible, in a wide range of 
intermediate hosts including humans, for alveolar echinoccocosis (AE) and cystic 
echinoccoccosis (CE). AE and CE are among the most serious parasitic zoonoses 
worldwide. The red fox is the principal definitive host of E. multilocularis, whilst the dog, 
although susceptible, is an occasional host (Jenkins et al. 2005; Eckert et al. 2001). In 
Europe E. granulosus is mainly transmitted in a domestic cycle, with the dog as the 
definitive host (Eckert et al. 2001); this parasite may infect also the fox (Jenkins and Craig 
1992), however in this host E. granulosus does not always reach maturity, as described in 
Italy by Leoni et al. (1986).  
In recent years several studies have demonstrated that E. multilocularis has a wider 
geographical range than was previously thought (Combes et al. 2012; Sikó et al. 2011; 
Romig 2009). In Italy, historically free from the infection, E. multilocularis was reported 
for the first time in foxes in the Eastern Alps in 2002 (Manfredi et al. 2002).  
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In Europe, the fox is the main wild reservoir of Trichinella spp., the etiological agent of 
trichinosis or trichinellosis, a zoonosis that occurs after ingestion of raw or undercooked 
meat contaminated by parasite larvae (Pozio 1998). 
Other relevant zoonotic parasites frequently found in canids are intestinal nematodes of 
the family Ascarididae and of the family Ancylostomatidae, which are responsible for the 
syndrome of visceral and cutaneous larva migrans, respectively (Taylor et al. 2007). 
Filarial nematodes – Dogs and foxes can be infested by several species of filarial 
nematodes; the most common European species are Dirofilaria immitis, Dirofilaria (syn. 
Nochtiella) repens, Acanthocheilonema (syn. Dipetalonema) reconditum and 
Acanthocheilonema (syn. Dipetalonema) dracunculoides. D. immitis and D. repens are 
the most important zoonotic filarial nematodes in Europe (Genchi et al. 2005). 
Cardiopulmonary nematodes - Cardiopulmonary nematodes found in carnivores, 
such as Angiostrongylus vasorum, Eucoleus aerophilus (syn. Capillaria aerophila), 
Eucoleus boehmi (syn. Capillaria boehmi) and Crenosoma vulpis are generally less 
studied than gastrointestinal parasites. These helminths are commonly reported in the red 
fox with high levels of prevalence, whilst the data on their prevalences in dogs was scarce 
and fragmentary, although currently an increasing number of reports is being published; 
these parasitosis are considered “emerging”, under-diagnosed infections in pets (Traversa 
et al. 2010; Conboy et al. 2009; Rinaldi et al. 2007). Since the red fox is the wild reservoir 
for most of these species, a connection between the increase of the European fox 
population and this apparent “emergence” has been suggested. 
Of particular interest is A. vasorum, a metastrongylid nematode which lives in the right 
side of the heart and in the pulmonary arteries of dogs, foxes and other wild carnivores. 
Foxes represent the reservoir of this parasite (Bolt et al. 1992). Since its was first described 
in the south of France (Serres 1854), this species has been reported as a common parasite 
of foxes and less frequently in dogs in several countries in Europe, Africa, North and South 
America (Morgan et al. 2005); however in the last two decades the number of reports from 
areas which have previously been considered non endemic have increased 
sharply(Staebler et al. 2005; Papazahariadou et al. 2007; Helm et al. 2009; van Doorn et 
al. 2009; Yamakawa et al. 2009; Majoros et al. 2010), clearly indicating that the parasite is 
widely present in Europe. The diagnosis of A. vasorum in dogs presents some difficulties 
due to the low sensitivity of copromicroscopic methods for the intermittent excretion of 
larvae L1 (Oliveira-Junior et al. 2006; Taubert et al. 2009) and for the laborious 
morphological differentiation of the larvae from those of other lungworms such as C. 
vulpis and Filaroides spp. (McGarry and Morgan 2009). Alternative diagnostic techniques 
have been proposed to overcome these limitations (Schucan et al. 2012; Schnyder et al 
2011).  
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Nematodes of the family Trichuridae - Diagnostic difficulties when performing 
coprological analysis also occur for the different species of nematodes of the Trichuridae 
family; this family includes two subfamilies, Trichurinae and Capillarinae, which 
comprises the genera Trichuris and Capillaria, respectively (Anderson 1992). All the 
Trichuridae eggs are characterized by a “lemon” shape with polar plugs, displaying only 
minor differences between species; therefore morphological diagnosis is challenging and 
misdiagnosis among different species can occur (Campbell 1991). The use of biomolecular 
diagnostic methods would be desirable, but Trichuridae are very little characterized from a 
genetic point of view. 
Aim  – a thorough investigation of the helminths in red foxes (Vulpes vulpes) and dogs 
(Canis familiaris) living in the same area was conducted, in order to study the parasitic 
fauna found in these canids, to assess the presence of zoonotic species and finally to verify 
the potential transmission of pathogens between wild animals, pets and humans. The 
research was conducted in an area previously little-studied, for which epidemiological data 
was very scarce. 
The work also had the purpose to validate on a field study newly proposed serological tests 
for the detection of circulating A. vasorum antigens and specific antibodies in dogs, in 
collaboration with the Institute of Parasitology of the University of Zuirch, and to 
characterize nematodes of the family Trichuridae by means of scanning electron 
microscopy and biomolecular techniques. 
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2. PARASITIC HELMINTS OF RED 
FOXES AND DOGS 
  
12 
 
In this chapter will be described the helminths of foxes and dogs which were found during the 
epidemiological study, as well as the species for which specific diagnostic examinations were 
performed. 
 
Phylum NEMATHELMINTHES  
Organisms belonging to this Phylum have a cylindrical or fusiform body, lacking metamerism, with 
a body cavity or coelom containing fluids. The body is covered by a cuticle. Sexes are separate, and 
the male is typically smaller than the female. The Phylum comprises six classes, but only one of 
these, the Nematoda, includes parasitic species. 
 
Class NEMATODA 
A possible classification of parasitic species of veterinary significance divides the class into two 
groups: bursate and non bursate, depending on the presence of a copulatory bursa in the caudal 
end of the male. The bursa is formed by dorsal, ventral and lateral expansions of the cuticle. 
Nematoda possess a complete or incomplete digestive system in all stages of development. 
 
Order STRONGYLIDA (THE BURSATE NEMATODES) 
Family Ancylostomatidae 
Genus Ancylostoma: A. caninum 
Genus Uncinaria:   U. stenocephala 
The family is characterized by a bent cephalic end which gives the worms a characteristic “hook-
like” posture, by a well-developed buccal capsule, with teeth or plates, and by a bursa with lateral 
and dorsal equally developed lobes and long, thin spicules. 
 
Ancylostoma caninum (Ercolani, 1859) 
Hosts: canids, occasionally man 
Site: small intestine 
Geographical distribution: worldwide in the tropics and warm temperate areas 
Morphology: adult worms are reddish-grey, about 1.5 cm long (males 1.2 cm, females 1.5-2.0 cm). 
The buccal capsule is large and bears three pairs of marginal teeth and a pair of ventro-lateral teeth. 
The male bursa is well developed. Eggs are oval, 56-75 x 34-47 µm, thin shelled and contain 4-8 
blastomers.  
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Life cycle: eggs are passed in the host’s faeces and develop in the external environment. The 
infecting form is the third larval stage (L3) which can infect the host per os or per cutem, both 
methods being equally successful. Paratenic hosts can also be important. In percutaneous 
infections, larvae migrate via the blood stream to the lungs, where they moult to L4. Then they are 
swallowed and pass to the small intestine were the final moult occurs. In case of oral infection the 
larvae may pass directly to the intestine. Whichever route is taken the prepatent period is 2-3 
weeks. Adults are strictly attached to the intestinal villi and are haematophagous. Some larvae 
migrate to the skeletal muscle, and serve as source of infection for pups via transplacental and 
transmammary routes. Reactivated L3 are passed in the milk of the bitch for about 3 weeks. 
Pathogenesis and clinical signs: acute or chronic haemorrhagic anaemia with bloody diarrhoea, 
most commonly in dogs under 1 year of age. Young pups infected by the transmammary route are 
particularly susceptible to the parasite. 
Zoonotic aspects: larval infection in humans, generally through contact with contaminated soil or 
sand, can lead to hookworms associated cutaneous larva migrans (CLM) and, less commonly, 
eosinophilic pneumonitis, myositis or ophthalmological manifestations. Occasionally, A. caninum 
can use man as a final host, causing eosinophilic enteritis (Bowman et al. 2010). 
 
Uncinaria stenocephala (Railliet, 1884) 
Hosts: canids, felids 
Site: small intestine 
Geographical distribution: temperate and sub-arctic areas of North America and northern Europe 
Morphology: adult worms are white to grey, about 1 cm long (males 0.5-0.9 cm, females 0.7-1.3 
cm). The buccal capsule is funnel-shaped, with a pair of lateral chitinous plates, a pair of sub-
ventral teeth at the base and no dorsal teeth. The male bursa is well developed, with a short dorsal 
lobe and two lateral lobes [Fig. 1, Appendix 2]; spicules are slender, 640-760 µm long. Eggs are 
oval, 71-93 x 37-55 µm, thin-shelled and contain 4-8 blastomers [Fig. 2, Appendix 2]. 
Life cycle: eggs are passed in the host’s faeces and develop in the external environment. The 
infective form is the third larval stage (L3). Oral infection without lung migration is the usual 
transmission route; L3 develop to the adult stage in the intestine. Infective larvae can penetrate the 
skin, but normally they do not reach the intestine. Prepatent period: 2-3 weeks.  
Pathogenesis and clinical signs: adult worms attached to the mucosa cause hypoalbuminemia and 
low-grade anaemia. Infections are often asymptomatic but may be accompanied by diarrhoea, 
anorexia and lethargy in heavy infected pups. Skin penetration of L3 can cause dermatitis, 
particularly of footpads and interdigital skin.  
14 
 
Family  Molineidae 
Genus  Molineus:  M. legerae 
This family is characterized by a small buccal capsule, which bears a small tooth or a lancet in the 
haematophagous species. The bursa has developed lateral lobes and encloses short and stout 
spicules. 
 
Molineus legerae (Durette-Desset & Pesson, 1987) 
Hosts: canids, wild carnivores  
Site: small intestine 
Geographical distribution: western Europe, Asia 
Morphology: small nematodes, about 1 cm long (males 0.6-0.7 cm, females 0.7-1.1 cm). The 
cephalic part is elongated. The buccal aperture has a triangular shape, with 6 external labial 
papillae and 4 cephalic papillae. The excretory pore is situated in the ventral part of the body, in 
correspondence of the second half of the esophagus. The male bursa surrounds two spicules 118-
120 µm long [Fig 3, Appendix 2]. In females the vulva is closer to the caudal end in comparison to 
the closely related species Molineus patens and a characteristic pointed caudal appendix 18µmlong 
is present [Fig. 4, Appendix 2]. Eggs are 60 x 40 µm and are eliminated in the morula stage. 
Life cycle: direct, not completely known (Durette-Desset and Pesson 1987). 
 
Family Angiostrongylidae 
Genus Angiostrongylus:  A. vasorum 
The family is characterized by the absence of a buccal capsule, by a small bursa and by the position 
of the vulva in the rear part of the body. 
 
Angiostrongylus vasorum (Bailliet, 1866) 
Final hosts: canids, mustelids, badger, red panda 
Intermediate hosts: terrestrial snails, slugs, frogs 
Site: right side of the heart and pulmonary arteries of the final hosts [Fig. 5, Appendix 2] 
Geographical distribution: Europe, North and South America, Africa  
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Morphology: thin nematodes, about 2.5 cm long. In females (18-25 mm long), the white ovaries are 
coiled around the red intestine, giving the worm a typical striated aspect. Males measure 14-18 mm, 
are whitish and have a small caudal bursa with two spicules360-400 µm long [Fig 6, Appendix 2]. 
First stage larvae (L1) measure 320-400 µm, have a cephalic hook in the anterior extremity and a 
sub-terminal distinct dorsal notch in the tail [Fig. 7, Appendix 2]. 
Life cycle: larvated eggs are shed in the pulmonary arteries and reach lungs capillaries, where they 
hatch. First stage larvae (L1) break into the alveoli and migrate to the trachea and to the pharynx, 
from where they are swallowed and passed with the faeces. L1 infect intermediate hosts, where they 
moult twice and become infective third stage larvae (L3). The life cycle is still not completely clear, 
e.g. it is not known if the larvae actively penetrate into the intermediate hosts or are ingested by 
them; whether infective larvae can be shed in mollusks secretions and faeces and whether final 
hosts must ingest intact intermediate hosts (or paratenic hosts), rather than their secretions, to 
become infected (Morgan et al. 2005). Once ingested by a final host, L3 migrate to the enteric 
lymph nodes, moult to L4 and then reach the final site. The prepatent period is 35–60 days.  
Pathogenesis and clinical signs: adult parasites in the large pulmonary vessels and in the heart 
cause endarteritis, endocarditis and periarteritis. Larvae and eggs cause verminous, 
granulomatous, interstitial pneumonia with obliterative thrombotic endarteritis and fibrosis. 
Clinical signs vary depending on the intensity and duration of the infection, ranging from no or 
minor clinical signs to life threatening disease. Clinical features can be broadly characterized as 
cardiorespiratory diseases (coughing, dyspnea, exercise intolerance, syncope), bleeding disorders 
and miscellaneous disease, including neurological problems (paresis, ataxia, spinal pain, loss of 
vision) (Gredal et al. 2011; Denk et al. 2009). 
 
Family  Crenosomatidae 
Genus  Crenosoma:  C. vulpis 
The family is characterized by the absence of a buccal capsule, the presence of a well developed 
copulatory bursa and the vulva located in the central part of the body. 
 
Crenosoma vulpis (Dujardin, 1845) 
Final hosts: canids, mustelids, Procyonidae 
Intermediate hosts: terrestrial snails, slugs  
Site: trachea, bronchi and bronchioles 
Geographical distribution: worldwide 
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Morphology: slender white worms, up to 1.5 cm long (males 3.5-8 mm, with two spicules 370 µm 
long; females 12-15 mm). In both genders the cephalic part is characterized by 18-26 annular folds 
of the cuticle, which bear small backwardly directed spines on their margins [Fig. 8, Appenidx 2]. 
First stage larvae (L1) measure 265-330 x 15-18 µm and have a straight pointed tail [Fig. 9, 
Appendix 2]. 
Life cycle: first stage larvae (L1) are passed in the feaces. In the external environment L1 penetrate 
the foot of an intermediate mollusk host where they become infective (L3) in 16-21 days. After 
ingestion of the mollusk by a final host, L3 reach the lungs via the lymphatic glands and the hepatic 
circulation. Prepatent period: 3 weeks. 
Pathogenesis and clinical signs: adult parasites can cause chronic bronchitis and tracheitis, which 
occur mainly with dry or productive cough and dyspnea. 
 
Family Filaroididae 
Genus Oslerus:  O. osleri 
Genus Filaroides:  F. milski 
     F. hirthi 
Oslerus osleri (Cobbold, 1876) (syn. Filaroides osleri) 
Hosts: canids 
Site: typically in nodules at the junction of the trachea and the bronchii 
Geographical distribution: worldwide 
Morphology: small nematode, males measure 4-5 mm and females 9-15 mm. The posterior end of 
the male is rounded and bears a few papillae. The spicules are slightly unequal, 100-113 µm long. 
The female caudal end is also rounded and presents a deep indentation with the vulva next to the 
anus. Eggs measure 80 x 50 µm, are very thin-shelled and contain a first stage larva (L1). L1 larvae 
are 230-260 µm long, the tail shows a prominent indentation and after this point it is distinctly 
wavy (Mc Garry and Morgan 2009).  
Life cycle: direct. The gravid females protrude through the respiratory epithelium to lay 
embryonated eggs in the airways lumen. Many eggs hatch immediately, releasing first stage larvae 
(L1), which are directly infectious. Eggs and larvae are coughed up and either expectorated in 
sputum or swallowed and voided in faeces. Susceptible hosts are infected by ingestion of L1. 
Maternal grooming and regurgitative feeding are assumed to be the major transmission routes in 
domestic dogs and wild canids, respectively (Yao et al. 2011). Autoinfection is possible (August et al. 
1980). Prepatent period is 10 weeks. 
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Pathogenesis and clinical signs: respiratory symptoms, such as persistent coughing and exercise 
intolerance. Nodules are generally small, maximum 10 mm in size. If they become numerous death 
from suffocation may occur, although normally the infection is not fatal. 
 
Filaroides hirthi (Georgi and Anderson 1975) 
Hosts: canids 
Site: terminal and respiratory bronchioles, beneath the pleura (Hirth and Hottendorf 1953) 
Distribution: Europe, North America, Australia and Japan 
Morphology: very small nematodes: males are 2-3 mm and females 6-13 mm. The cuticle forms 
voluminous teguminal sheath. The oral opening is small and surrounded by 4 mound-like 
elevations. The excretory pore is near the end of the esophagus. The spicules are crescent-shaped, 
similar in size and morphology, 46-48 µm long. Females have a rounded caudal end, the vulva is 
located 41-70 µm from the posterior extremity. Eggs are 38-80 µm and contain a first stage larva 
(L1). L1 larvae are 250 to 280 µm long, the tail has a single, slight indentation dorsally, and after 
this point is straight (Georgi and Anderson 1975).  
Life cycle: females are ovoviviparous and L1 larvae are passed in the faeces or expelled in the 
sputum. Infection can be acquired by ingestion of faecal L1 or, more often, by the transfer of L1 in 
the saliva when the cubs/pups are groomed. Prepatent period: 5 weeks. 
Pathogenesis and clinical signs: infection is normally asymptomatic and finding are often 
accidental. In some cases respiratory symptoms, coughing and possible exercise intolerance due to 
diffuse pulmonary bronchointerstitial and alveolar infiltrates can occur. Clinical disease has been 
generally associated with immunocompromised or stressed young dogs of toy breeds, although 
there have been reports in immunocompetent young dogs, immunocompromised adult dogs and in 
adult dogs after a period in kennels (Caro-Vadillo et al. 2005; Carrasco et al. 1997). 
 
Filaroides milksi (Whitlock 1956) (syn. Andersonstrongylus milksi) 
Hosts: canids 
Site: bronchioles and alveoli 
Geographical distribution: North America, rare in Europe 
Morphology: small nematodes, males measure 3-4 mm and females 9-10 mm (slightly bigger than 
F. hirthi). The anterior end is dilated. The spicules are slightly unequal and are 100-113 µm long. 
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The female caudal end is pointed and vulva and anus are not contiguous like in O. osleri. Eggs 
measure 80 x 50 µm, are very thin-shelled and contain a first stage larva (L1). L1 larvae are 230-
260 µm long, and cannot be distinguished from those of F. hirthi (Spencer et al. 1985). 
Life cycle: unknown 
Pathogenesis and clinical signs: very few reports, generally as incidental findings 
 
Order ASCARIDIDA 
Family Ascarididae  
Genus Toxocara:  T. canis 
Genus Toxascaris:  T. leonina 
Nematodes of this family are characterized by three lips which surround the mouth. Some genera 
have lateral cervical alae. The posterior end of the male is generally bent.  
 
Toxocara canis (Werner, 1782) 
Hosts: canids 
Site: small intestine 
Geographical distribution: worldwide 
Morphology: large whitish worms, with three lips of equal size around the mouth and large 
cephalic alae. Males measure 5-10 cm, have a caudal end rolled up on itself, with a terminal narrow 
appendage two long spicules (0.7 to 1.3 mm). Females are 9-18 cm long, with the vulva opening in 
the forward quarter of the body. Eggs measure 90 x 75 µm, are spherical, dark brown, with a thick, 
finely pitted shell and contain undifferentiated embryonic mass that occupies almost the entire 
internal space [Fig. 10, Appendix 2]. 
Life cycle: this parasite has a rather complex cycle with four possible ways of infection: 
• eggs are passed with the feces into the environment where the undifferentiated embryonic mass 
develops to a second-stage larva (L2). After ingestion by a susceptible host, L2 hatch and follow an 
entero-hepatic-pulmonary migration to the lungs, where the second moults occurs. Then L3 enter 
the trachea and return to the intestine where the last two moults take  place. This type of migration 
typically occurs in dogs under the age of three months. 
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• In dogs over three months of age the above tracheo-enteral migration occurs less frequently, until 
it becomes practically absent after about six months of age. In these animals, L2 contained in the 
stool or in paratenic hosts, once ingested, migrate to various tissues and organs including the liver, 
lung, brain, heart, muscles where they can remain quiescent. In pregnancy, the larvae are mobilized 
and reach the lungs of the fetus where they moult to L3. After birth L3 continue their migration to 
the intestine, where they become adults. The puppies start to pass eggs in the faeces after two or 
three weeks. Furthermore some of the larvae mobilized during pregnancy are able to reach the 
intestine of the mother, which also passes eggs in the faeces (periparturient rise). These eggs can 
contribute significantly to increase the parasitic load in puppies during the period of cohabitation 
with their mothers. 
• An additional source of infection is the presence of L3 in the milk during the first three weeks of 
lactation; these larvae develop to adult directly in the intestine of the puppies. 
• L2 can also infect several species who behave as paratenic hosts. In these animals the larvae 
remain dormant for a long time in various tissues and organs including the liver, lung, brain and 
muscles without reaching the adult stage. When the paratenic host is ingested by a susceptible host, 
L2 start to develop and within 4-5 weeks they become adult parasites in the intestine of the dog. 
The prepatent period varies depending on the route of transmission: 21 days after prenatal 
infestation, 27-35 days after transmammary infestation, 32-39 days after ingestion of embryonated 
eggs.  
Pathogenesis and clinical signs: adult worms can cause enteritis, partial or complete occlusion of 
the intestinal lumen, rarely intestinal perforations, intussusceptions or obstruction of the bile 
ducts. Parasites cause abdominal distention, slow growth, sometimes diarrhoea. In the case of a 
massive infection symptoms are primarily due to the larval migration in the lungs, which can cause 
pneumonia. Most of the fatal cases occur in this phase and interest puppies of a few days of life, 
that had been infected transplacentally. 
Zoonotic aspects: nematoda of the genus Toxocara and in particular T. canis are the main 
responsible for visceral larva migrans (LMV) and ocular larva migrans (LMO) syndromes in 
humans, due to accidental ingestion of infective eggs (containing L2). The disease manifests itself 
with polymorphic symptoms, due to granulomatous hepatitis, pneumonia and serious damages to 
eyes and brain. The most important risk factor is environmental contamination with faeces of 
infected canids, since ascarid eggs are very resistant. Children are more frequently affected, 
especially if they have close contact with pets or if they attend areas such as public parks. 
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Toxascaris leonina (Linstow, 1902) 
Hosts: canids, felids 
Site: small intestine 
Geographical distribution: worldwide 
Morphology: large whitish worm, macroscopically almost undistinguishable from T. canis. The 
main differential character is the presence of a terminal narrow appendage in the caudal end of the 
male of T. canis, absent in T. leonina. The males measure 2-7 cm, females 2-10 cm. The cephalic 
part presents two narrow elongated wings, finely ribbed, and three lips, of which the central is 
much wider than the two lateral lips. The eggs measure 75 x 85 µm, are slightly ovoid, light 
coloured, have a smooth thick shell and contain an undifferentiated embryo [Fig. 11, Appendix 2]. 
Life cycle: the host becomes infected by ingesting eggs containing a second stage larva (L2) or a 
third stage larva (L3) in the tissues of a paratenic host. The development to the adult stage is 
completed whitin the intestine, and no migration occurs. Prepatent period is 10-11 weeks. 
Pathogenesis and clinical signs: very similar to the enteric symptoms due to adults of T. canis. 
 
Order SPIRURIDA 
Family  Physalopteridae 
Genus Physaloptera:  P. sibirica 
     P. preputialis  
Members of the family have large simple triangular lateral lips armed with one or more teeth. The 
cuticle may be reflected forward over the lips to form a cephalic collarette [Fig. 12, Appenidx 2]. 
Many species belong to the genus Physaloptera, however the species generally reported in Europe is 
P. sibirica. 
 
Physaloptera sibirica (Petrow e Gorbunow, 1931) 
Final hosts: carnivores (e.g. fox, badger, linx) 
Intermediate host: probably coleopterans (Ferroglio et al. 2009) 
Site: stomach 
Geographical distribution: Asia, Europe (Spain and Italy), Bielorussia 
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Morphology: withish stout worms 2-3 cm long. Mouth with two pseudolabia, each with a big lateral 
tooth and an internal group of 3 smaller teeth. In the female the vulva opens anteriorly the end of 
the oesophagous, around 1/7 of the length of the body. The uterus is divided into two branches The 
bursa of the male surrounds two unequal spicule 780 and 480 µm long Embryonated eggs measure 
47–50 x 32–34 µm. 
Life cycle: the life cycle is indirect. Although no data are available on intermediate hosts, it is 
supposed, similar to other specie of the subfamily, that coleopterans act as intermediate hosts 
(Soulsby 1982) 
Pathogenesis and clinical signs: gastric ulceration and haemorrhage in dogs (Burrows 1983; Clark 
1990). 
 
Family  Rictulariidae 
Genus  Pterygodermatites:  P.affinis 
Members of this family are characterized by a cuticle with chitinous hook-like spines arranged in 
longitudinal rows or in circles, absence of pseudolips and an oral cavity bearing teeth in the dorsal 
part.  
 
Pterygodermatites affinis (Jagerskiold, 1904) (syn. Rictularia cahirensis) 
Final hosts: canids, felids, mustelids, Viverridae 
Intermediate hosts: insects, maybe reptiles 
Site: small intestine 
Geographical distribution: Europe, Asia, Africa 
Morphology: small nematodes about 1 cm long, with two typical rows of spines formed by the 
cuticle along the body [Fig. 13, Appendix 2]. Eggs have a smooth thick shell and measure 50 x 30  
Life cycle: females lay eggs that are passed in the faces and are ingested by an intermediate host. In 
the intermediate host larvae hatch in the gut, then encyst between the circular muscle and 
epithelium of the ilium. There they are surrounded by a capsule and they undergo two molts and 
reach the infective stage (L3). The time required for the development to L3 depends on the 
temperature. The phases of development in the final host are unknown.  
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Family Spirocercidae 
Genus Spirocerca:   S. lupi 
Mouth with lateral lips with three lobes. Behind the mouth is generally a chitinous vestibule. Long 
oesophagous with a shorth muscular anterior portion and a longer posterior glandular part. Caudal 
alae well developed in the male.  
 
Spirocerca lupi (Rudolphi, 1809) 
Final hosts : canids, occasionally felids 
Intermediate hosts : coprophagous beetles  
Site: esophagus, stomach, aorta 
Geographical distribution:worldwide in regions with a warm climate  
Morphology: adult worms are spirally coiled and pink-red in colour [Fig. 14, Appendix 2]. Males 
measure 30-55 mm and females 55-80 mm in length. 
Life cycle: the adult worms are found coiled within nodules in the esophageal and gastric wall of the 
final host [Fig. 15, Appendix 2]. The female produces larvated eggs [Fig 16, Appendix 2], which 
reach the gastrointestinal lumen through a fistula in the wall of the parasitic nodule. Eggs 
containing larvae (L1) are passed into the external environment with faeces, or may be shed in the 
vomitus. When ingested by the intermediate host, the L1 encyst within the coelomatic cavity and 
develop to the infective stage (L3) within 2 months. The life cycle may include a paratenic host, 
such as rodents, hedgehogs, rabbits, lizards, poultry or wild insectivore birds. After ingestion of the 
intermediate or paratenic host by the final host, the L3 excyst in the stomach and penetrate the 
gastric mucosa within 2 days. Then L3 slowly migrate within the walls of the gastric and 
gastroepiploic arteries and reach the caudal thoracic aorta where they mature to L4. Approximately 
6 months post-infection, they migrate as immature adults from the caudal thoracic aorta to the 
submucosa and adventitia of the caudal esophagus or the stomach where they reach the adult stage. 
Mature nodules containing adult worms are present by 6–9 months. Aberrant locations of the 
nodules due to erratic migrations have been described in almost all body organs. 
Pathogenesis and clinical signs: larvae cause necrosis, haemorrhage and neutrophilic exudation 
within the wall of the thoracic aorta. Damaged tissues becomes fibrotic, sometimes mineralized 
and can form permanent intimal scars and aneurysms. Parasitic nodules can sometimes undergo 
neoplastic transformation. The severity of damage may be associated with the amount of infective 
larvae taken in at a single time. The clinical signs vary greatly, depending on the stage of disease, 
aberrant migrations and possible complications. Many infected dogs do not show clinical signs. In 
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some dogs infection can induce persistent vomiting or regurgitation, weight loss and dysphagia. 
Sometimes difficulties in swallowing, breathing or neurological problems can be observed. 
Zoonotic aspects: one case of zoonotic infection was reported in Italy (Biocca 1959). 
 
Family Onchocercidae 
Genus Dirofilaria:   D. immitis 
     D. repens  
Genus Acanthocheilonema: A. reconditum 
      A. dracunculoides 
Dirofilaria immitis (Leidy, 1856) 
Final hosts: canids; occasionally felids and mustelids and rarely man 
Intermediate hosts: mosquitoes of the genera Aedes, Anopheles, Culex, Psorophora, and Mansonia 
Site: right ventricle, right atrium, pulmonary artery, rarely in the posterior vena cava 
Geographical distribution: warm-temperate and tropical zones in North and South America, 
Europe, India, China, Japan, Australia 
Morphology:long, thin,whitish nematodes. Males are 120-200 mm long and 0.7-0.9 mm wide, 
females 250-310 mm long and 1-1.3 mm wide. Females have an obtuse caudal end, the vulva is 
close to the junction of the esophagus and the intestine. The male caudal end is spirally coiled and 
bears 2 lateral narrow alae. The buccal aperture has no lips and is surrounded by eight papillae 
(amphids). Microfilariae are 290- 320 µm long and 5-7 µm wide, with a tapered cephalic end and a 
straight, pointed tail.  
Life cycle: females release unsheathed microfilariae into the bloodstream. Circulating microfilariae 
are ingested by mosquitoes and migrate to the Malpighian tubules where they moult into second 
larval stage and third larval stage (L3, infective stage). Infective L3 migrate to the mosquito 
mouthparts: infection is transmitted to a new host when an infected mosquito takes a blood meal in 
a competent host. L3 penetrate the subcutaneous connective tissues and undergo two moults. Then, 
the L5 migrate to pulmonary arteries and right heart where final maturation and mating occur. The 
prepatent period is approximately 6 months. 
Pathogenesis and clinical signs: D. immitis infection is characterized by different clinical pictures. 
The primary lesions occur in the pulmonary arteries, the heart and lung parenchyma due to the 
adult parasites which cause pulmonary hypertension that, if not treated, progresses inevitably to 
congestive heart failure. Other syndromes are related to the disturbance of blood flow due to the 
location of heartworms in the right atrium at the level of tricuspidal valve. This event causes 
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massive haemolysis and related haemoglobinuria. Microfilariae play a minor pathogenic role but 
may cause pneumonitis and glomerulonephritis.  
Zoonotic aspects: D. immitis can be responsible for development of lung nodules in humans. Most 
zoonotic cases occurr in America (Pampiglione and Rivasi 2000).  
 
Dirofilaria repens (Railliet e Henry, 1911) 
Final hosts: canids, rarely felids, occasionally man 
Intermediate hosts: mosquitoes of genera Aedes, Anopheles, Culex, Armigeres and Mansonoides 
Site: subcutaneous, intermuscular tissues 
Geographical distribution: Mediterranean basin, Middle East, sub-Saharan Africa, Asia, USA, 
Canada  
Morphology: adults of D. repens are smaller than D. immitis. Adult males are 50-70 mm long and 
3.7-04.5 mm wide and females 100-170 mm long and 4.6-6.5 mm wide. The male caudal end curves 
slightly toward the ventral side. The tail is obtuse, with two lateral alae. The spicules are unequal; 
the larger is 430µm long and is pointed; the smaller is 175 µm long and has an obtuse end. 
Microfilarie have an obtuse anterior end, a thin and pointed posterior end curved in the form of an 
umbrella handle and measure320-360 µm in lenght and 6-8 µm in width [Fig. 17, Appendix 2]. 
Life cycle: females release unsheathed microfilariae in the bloodstream. Microfilariae are ingested 
by an intermediate host during a blood meal and then migrate to the body cavity within 1.5 days. 
They settle in the Malpighian tubules where 2 moults occur. After attaining the infective stage 
larvae (L3) they migrate to the mouthparts of the mosquito, from where they are inoculated to the 
subcutaneous connective tissue of the definitive host, where they reach maturity. The prepatent 
period is 7-8 months.  
Pathogenesis and clinical signs: most infected animals do not show any clinical sign. Dermatites 
can occur and a conjunctival infection has been reported (Hermosilla et al. 2006; Bredal et al. 
1998). 
Zoonotic aspects: D. repens is the main etiological agent of human Dirofilaria infections in Europe, 
causing ocular and subcutaneous nodules. Zoonotic infections by D. repens occur more frequently 
than D. immitis (around 800 cases of D. repens worldwide against around 200 cases of D. immitis) 
(Pampiglione and Rivasi 2000; Pampiglione et al. 1995). 
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Acanthocheilonema reconditum (Grassi, 1889) (syn. Dipetalonema 
reconditum) 
Final hosts: canids 
Intermediate hosts: fleas (Ctenocephalides spp., Pulex spp.) or lice (Heterodoxus spp., Linognatus 
spp.) 
Site: subcutaneous tissues of limbs, back, trunk and hind legs; renal fat  
Geographic distribution: worldwide 
Morphology: male worms measure about 1.5 cm and females 2.5 cm. The male spicules are 
unequal. A. reconditum microfilariae measure 250-280 x 4.5-5.5, with a blunt front end and a 
small hook at the rear end [Fig. 17, Fig. 18 and Appendix 2]. 
Life cycle: indirect. It has not been described in detail. Following ingestion of a blood meal, the 
microfilariae develop to infective larvae in the intermediate host in 7-14 days and then migrate to 
the head.The infective third stage larvae (L3) are passedto a susceptible host with the intermediate 
host blood meal. The prepatent period is 2-3 months. 
Pathogenesis and clinical signs: A. reconditum is generally considered asymptomatic, although 
proteinuria was reported in an experimental infection (Lindemann et al. 1983) 
Zoonotic aspects: the parasite has been found in the eye of a human (Huynh et al. 2001) 
 
Acanthocheilonema dracunculoides (Cobbold, 1870) (syn. Dipetalonema 
dracunculoides) 
Final hosts: canids 
Intermediate hosts: ticks and fleas 
Site: peritoneum 
Geographical distribution: Europe, Africa 
Morphology: adult males are 2.4-3 cm, females 2.3-6 cm in length. Males bear broad, unequal 
spicules. Microfilariae are unsheated, 240 – 260 µm long with a short, straight tale. 
Life cycle: see A. reconditum 
Pathogenesis and clinical signs: generally not considered pathogenic.   
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Order ENOPLIDA 
Family Trichinellidae 
Genus Trichinella:   T. spiralis 
     T. britovi 
     T.nativa 
     T. nelsoni 
     T. murrelli 
     T. pseudospiralis 
     T. papuae  
     T. zimbabwensi 
This family includes small worms, with the posterior portion only slightly thicker than the anterior. 
Simple mouth followed by a long esophagus. Anus terminal or subterminal in both sexes. In the 
male spicule and copulatory bursa are absent; in females the vulva is located in esophageal or 
postesophageal region. 
 
Trichinella spp. (Railliet, 1895) 
Two main clades are recognized in the genus, depending if the larvae are encapsulate or not in the 
host’s muscle tissue. The first clade comprehends “encapsulated” species of mammals: T. spiralis, 
T. nativa, T. britovi, T. nelsoni and T. murrelli. To this group belong also three genotypes (T6, T8, 
T9). The second clade comprehends “non-encapsulated” species of mammals, birds and reptiles: T. 
pseudospiralis, T. papuae andT. zimbabwensis. 
Hosts: the host range is extremely wide; infection has been demonstrated in at least 150 different 
species of mammals. In central and southern Europe the red fox represents the reservoir of T. 
britovi (Balestrieri et al. 2007; Pozio 1991). 
Site: adult in the small intestine, larvae in muscle tissue 
Geographical distribution: worldwide, except Australia, with different areas depending on the 
species 
Morphology: all species and genotypes are morphologically indistinguishable in all stages of 
development (except for the presence of the capsule and for some differences in the measure of one 
of the un-encapsulated species). For specific identification biochemical or biomolecular methods 
are required (Pozio and Zarlenga 2005). Adults are small, males measure 1.4-1.6 mm x 40 µm, 
females 3-4 mm x 60 µm. The body is thin and the caudal part, containing the reproductive organs 
and the intestine, is slightly thicker than the anterior part. The esophagus is characteristic and 
occupies about half of the body. It is surrounded by a single row of large cells (sticosoma) probably 
with glandular function. Two lateral alae are located next to the cloaca in the posterior part of the 
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male body. The vulvar aperture is located half way the length of the esophagus. First stage larvae 
(L1) are 112 µm long, larvae in muscle develop to 1mm of length, cysts are 400-600 x 200-300 µm. 
Life cycle: the parasite completes the cycle entirely in the same host. The receptive host becomes 
infected by ingesting larvae encysted in the muscles of another animal. In the host’s intestine the 
larvae excyst and develop into adults in 2-4 days. After mating, the males die, while the females 
burrow deep in the intestinal mucosa. Here about a week later they produce L1, which enter the 
lymphatic vessels and reach the skeletal muscles via the bloodstream. The more frequent locations 
are the tongue, the masseter, the pillars of the diaphragm, the esophagous, the intercostal muscles. 
L1 have a small tooth that enables them to penetrate the muscle cell where, protected by the host’s 
reaction, they grow and assume a characteristic coiled position. Parasitized cells are called "nurse 
cells". The process is completed in 6-8 weeks and then the larvae are infective to another host and 
may remain so for years.  
Pathogenesis and clinical signs: in most cases animals and human infections are mild and 
asymptomatic. If an high number of larvae are ingested the enteric fase of the cycle results in 
enteritis; the massive larval invasion of the muscle causes eosinophilia, fever, myositis, muscle pain 
and myocarditis. 
Zoonotic aspects: human become infected through the ingestion of larvae, generally in raw or 
undercooked meat. The fox can infect humans indirectly through other animals such as wild boars, 
pigs and horses, who for various reasons have ingested parasitized tissues. The direct transmission 
from fox to man is highly unlikely, it can occur through the consumption of raw or undercooked fox 
meat, as happened in Trentino in 1961 and in Basilicata in 1985 (Magi et al. 2008b). Infections can 
be asymptomatic, mild, severe or fatal depending on the parasitic load, the reactivity of the host 
and the species/genotype in question. The symptoms are the above mentioned, plus ascites and 
periorbital edema, typical of man. 
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Family Trichuridae (syn. Trichocephalidae)  
- Subfamily Capillarinae 
Genus Aonchotecha:  A. putorii 
Genus Calodium:   C. hepaticum 
Genus Eucoleus:   E. aerophilus 
     E. boehmi 
Genus Pearsonema:  P. plica 
- Subfamily Trichurinae 
Genus  Trichuris:   T. vulpis 
This family includes two subfamilies, Trichurinae (medium to large worms, with the posterior 
region thicker than the anterior esophageal) and Capillarinae (posterior end not thicker). 
Capillarinae is a wide and complex group of nematodes that includes several parasites of mammals 
(Moravec et al. 1987; Anderson 1992). In the taxonomical rearrangement of Moravec (1982), 
Capillarinae was considered a separate family (Capillaridae), and most of the species formerly 
belonging to the genus Capillaria were reclassified into renamed genera: Eucoleus (adults 
parasitizing airways), Aonchotheca (adults parasitizing the gastrointestinal tract), Pearsonema 
(adults in urinary tract), Calodium (adults in liver and spleen).  
Members of the family have a simple mouth, without definite lips. Males have single spicule, 
sometimes transparent and difficult to see. Female: vulva is near the posterior end of the 
esophagus. Eggs are very thick shelled, barrel shaped, with a plug at each end, all very similar. 
 
Aonchotheca putorii (Rudolphi, 1819) (syn. Capillaria putorii) 
Hosts: carnivores  
Site: stomach and small intestine 
Geographical distribution: Europe, New Zealand 
Morphology: long, thin, whitish nematode. Males measure 5-8 mm in length, with a single, thin 
spicule (310-338 µm). Females are 8-15 mm long, the caudal region is conical and ends with a 
pointed appendix, 18-20 µm long. The cloacal aperture is subterminal; besides the cloaca are two 
caudal lateral alae. Eggs measure 53-70 x 20 -30 µm, have a netlike surface organized in a 
longitudinal pattern, have slightly flattened sides and contain a one- or two-cell embryo that fills 
the egg in fresh faeces [Fig. 19, Fig. 20, Appenidx 2].  
Life cycle: eggs are passed in the faeces and develop in the external environment to the infective 
stage (L1). Trasmission can also occur through paratenic hosts (heartworms). 
Pathogenesis and clinical signs: reported as a cause of gastritis in the cat (Curtsinger et al. 1993). 
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Calodium hepaticum (Bancroft, 1893) (syn. Capillaria hepatica) 
Hosts: many species of rodents (Apodemus, Arvicola, Clethrionomys, Ondatra, Rattus) and 
occasionally a very broad range of other mammals, including humans 
Site: liver parenchyma 
Geographical distribution: worldwide 
Morphology: adult worms are long, slender-shaped, with a narrow anterior body part, whereas the 
posterior part is gradually thicker; females are 27–100 mm long and 0.1–0.89 mm wide, males are 
smaller (15–50 × 0.04–0.1 mm). Eggs measure 54-65 x 22-33 µm, show the typical Trichuridae 
barrel-shaped morphology with a double shell (outer and inner) and polar plugs, which did not 
protrude beyond the outer shell [Fig. 29, Appendix 2] 
Life cycle: the life cycle is direct and unusual (Moravec 2000). Females lay eggs in the liver, where 
they remain immature for the entire life of the host. Eggs reach the external environment either 
through decay of the host’s carcass, or through the shedding of eggs in the faeces of a predator 
which ingested an infected rodent (spurious infection). In the external environment eggs 
embryonate in 5-8 weeks and become infective for a new host. 
Pathogenesis and clinicalsigns: human liver capillariosis is primarily associated with a triad of 
symptoms: persistent fever, hepatomegaly and leukocytosis with eosinophilia (Fuehrer et al. 2011). 
Zoonotic aspects: 163 cases of human infections with C. hepatica have been reported in literature: 
72 cases of hepatic capillariosis, 13 serologically confirmed reports and 78 documentations of 
spurious infections.Humans can get infected through accidental ingestion of infective eggs with 
contaminated food or water or in case of “pica”; for this reason most human cases occur in children 
and especially in case of poor hygienic conditions (Fuehrer et al. 2011). 
 
Eucoleus aerophilus (Creplin, 1839) (syn. Capillaria aerophila) 
Hosts: various species of carnivores (canids, felids, mustelids, opossums,hedgehogs), rarely 
humans 
Site: trachea and bronchi [Fig. 21, Appendix 2] 
Geographical distribution: worldwide 
Morphology: thin, whitish nematodes. .Stichosome with 42-50 medium sized stichocytes. Malesn 
are 15-25 mm long and 54-68 µm wide and often possess a primitive bursa-like structure with a 
single, thin and transparent spicule. Females are 18-40 mm long and 95-122 µm wide, the vulvar 
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aperture is posterior to the esophagus, simple. Eggs measure 60-72 × 26-34 µm, show a 
characteristic “lemon” shape with polar plugs, are entirely filled by one- or two-cell embryo, have a 
net-like ornamented outer layer and are slightly asymmetrical [Fig. 22, Appendix 2] (Campbell 
1991). 
Life cycle: the eggs are shed in the respiratory tract and expelled through coughing or swallowed 
and excreted in the feces. The embryo (L1) develops in the external environment in 5-7 weeks. The 
cycle is considered to be direct: when the host ingests the embryonated eggs, these hatch in the 
digestive tract, from where the L1 reaches the bronchopulmonary apparatus via the bloodstream. 
The role of earthworms is unclear: old studies showed that larvated eggs were not able to infect 
carnivores without developing in heartworms (Christensen 1938), while more recent literature 
indicates that a step inside terrestrial worms is not necessary, but rather facultative, to complete 
infectivity of E. aerophilus larvae (Traversa et al. 2011). The prepatent period is 25-40 days. 
Pathogenesis and clinical signs: parasites can cause tracheitis or tracheo-bronchitis, sometimes 
with pulmonary involvement. The symptoms are more severe in young animals, and include cough, 
sneezing, nasal discharge, loss of appetite, weakness. The parasitosis can be fatal in case of heavy 
infections and/or coinfections. 
Zoonotic aspects: although rare, some cases of human respiratory capillariosis are reported 
worldwide (Lalošević et al. 2008; Palmer et al. 1998; Aftandelians et al. 1977). 
 
Eucoleus boehmi (Supperer, 1953) (syn. Capillaria böhmi) 
Hosts: canids 
Site: nasal passages, frontal and paranasal sinuses 
Geographical distribution: Europe, North America 
Morphology: fine nematodes with anterior end narrowed, rounded, indistinct cephalic papillae. 
Stichosome formed by a single row of 30-37 elongated stichocytes with large cell nuclei (Moravec 
2000). Adult females are 30 – 40 mm long and wide; vulva situated at level of the end of 
oesophagus, vulvar lips not elevated. Males are 15 – 27 mm long and 82-95 µm wide. Spicular 
sheath elongated, densely covered by small spines about 4 µm long. Length of evaginated sheath is 
105-117 µm. Posterior end of body rounded, provided with short dorsal caudal membrane forming a 
bursa. Eggs measure 54-60 × 30-35 µm, contain a multicellular embryo that does not fill the egg, 
are clear to golden in colour and show a delicately pitted surface (Campbell 1991) [Fig. 23, Fig. 24, 
Appendix 2]. The morphology of E. boehmi is very similar to that of E. aerophilus; both species 
principally differ in the types of the superficial sculpture on eggs and in the site of infection in the 
host, besides a few additional, less obvious morphological differences, such as the stichicytes 
number (Zarnowski and Patyk 1960; Campebell and Little 1991). 
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Life cycle: the life cycle and routes of transmission are unclear. Earthworms may serve as paratenic 
hosts but further studies are required (Conboy 2009; Campell and Little 1991). 
Pathogenesis and clinical signs: upper respiratory signs, including paroxysmal sneezing and nasal 
discharge have been reported in dogs (Veronesi et al. 2013; Piperisova et al. 2010; Campbell 1991)  
 
Pearsonema plica (Rudophi, 1819) (syn. Capillaria plica) 
Hosts: canids, felids 
Site: urinary bladder and, occasionally, the ureter or the renal pelvis 
Geographical distribution: worldwide 
Morphology: fine withish nematodes, adult females measure 30 to 60 mm and males 13 to 30 mm 
in length. Stichocytes 45-46 in number. The males have a long, thin single spicule and often possess 
a primitive bursa-like structure. Vulva situated 30-75 µm posterior to end of the oesophagus; vulvar 
lips not elevated, elongated vulvar appendage (90-100 x 30 µm) [Fig. 25, Appendix 2 ]. The eggs are 
barrel-shaped and colorless, with a thick capsule and typical protruding bipolar plugs. Their size 
range is 50 to 68 µm in length and 22 to 32 µm in width [Fig. 26, appendix 2]. 
Life cycle: the eggs are passed out from the definitive host with the urine and are ingested by 
earthworms. In the intestine of the earthworm, the eggs hatch and the first stage larvae move 
through the intestinal wall to encyst in the adjacent connective tissue. Once the earthworm is eaten 
by the definitive host, the first stage larvae moult to the second stage within the wall of the small 
intestine. It remains there from day 8 to day 10 after invasion. Third stage larvae are found in the 
urinary bladder on about the 30th day of infection and it is assumed that they migrate through the 
blood vessels to the urinary bladder.The development to the fourth stage larvae and adult worm 
takes place within the bladder. The prepatent period is around 8 weeks (Bork-Mimm and Rinder 
2011).  
Pathogenesis and clinical signs: infections are usually asymptomatics. In case of heavy infections, 
the host may exhibit signs of urinary tract disease: pollakiuria, dysuria, and inappropriate 
micturition (Senior et al. 1980). In foxes, mating problems and retarded growth have also been 
reported (Fernández-Aguilar et al. 2010).  
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Trichuris vulpis (Froehlich, 1789) 
Hosts: canids, mustelids 
Site: caecum and colon 
Geographical distribution: worldwide, especially in warm-temperate climates 
Morphology: adults are 4.5-7.5 cm long and are characterized by a slender, elongated anterior part, 
containing a long esophagus, and a thicker posterior end (“whipworms”). The male has a single 
spicule 8-10 mm long, contained in a sheath [Fig. 27, Appendix 2]. Eggs measure 70-80 x 30-42 
µm, they are brown-yellowish, have symmetrical “lemon” shape with prominent plugs showing a 
ring-like thickening at the base and a smooth surface (Campbell 1991) [Fig. 28, Appendix 2]. 
Life cycle: eggs are excreted in the feces and become infective (L1) in 3-8 weeks. The host is 
infected by ingesting embryonated eggs. The L1 migrate into the wall enteric where they develop to 
L5, which then emerge to the surface, remaining embedded with the front part in the intestinal 
wall. The embryonated eggs are extremely resistant and can survive in the environment for years. 
Prepatent period is 6-12 weeks. 
Pathogenesis and clinical signs: subepithelial localization of the larvae and the continuous 
movement of the cephalic part of the adults causes inflammation of the mucosa. It is believed that 
most of infestations are asymptomatic, but may manifest with bloody diarrhea, tenesmus and 
dischezia. T. vulpis is considered by some authors the most common cause of chronic diarrhea in 
dogs (Ettinger 2008). 
Zoonotic aspects: the zoonotic potential of T. vulpis is debated (Traversa 2011; Dunn et al. 2002) 
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Phylum PLATYHELMINTHES 
 
Organisms belonging to this Phylum have a flatbody, with out coelom. This configuration provides 
a greater surface/volume ratio, which is important because the absorption of nutrients takes place 
directly through the cuticle. With very few exceptions, all flatworms are hermaphrodites. The 
Phylum is divided into two classes: Cestoda and Trematoda. 
 
Class CESTODA 
Cestodes, or tapeworms, have a tape-like, segmented body with no alimentary canal. Each body 
segment (proglottid) contains one or two sets of male and females reproductive organs. The apical 
part is the scolex. In continuity with the scolex is the neck, undifferentiated tissue from which 
proglottids are originated. Parasites of this class generally follow an indirect cycle, with two or three 
hosts. Adult stages live in the intestine of the definitive hosts and produce eggs containing first-
stage larvae (oncosphere), directly infective for the intermediate host. The oncosphere is 
constituted by a hexacant (six-hooked) embryo, surrounded by two embryonic membranes: the 
internal membrane (embryophore) is thick, dark, radially striated, the external is a delicate 
membrane often lost within the uterus. The intermediate host ingests the oncosphere, which 
develops to the second stage in the tissues or in the body cavities. The final host becomes infected 
ingesting second stage larvae. In the gut of the final host the second stage larvae are partially 
digested and release the protoscolex, which attaches to the mucosa and starts to grow. Almost all 
tapeworms of veterinary importance are in the order Cyclophyllidea, with a few exceptions in the 
order Pseudophyllidea.  
 
Order CYCLOPHYLLIDEA 
The scolex is characterized by four suckers and eggs are contained in the proglottids.  
 
Family Taenidae 
Genus Taenia:   T. hydatigena 
     T. ovis 
     T. multiceps 
     T. pisiformis 
     T. serialis 
     T. polyacantha 
     T. crassiceps 
     T. taeniformis 
Genus Echinococcus:  E. multilocularis 
     E. granulosus  
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Adults of this family are found in carnivores and man. The scolex has a non retractable armed 
rostellum [Fig. 31, Appendix 2] with a concentric double row of chitinous hooks (except Taenia 
saginata). Lateral genital pores are irregularly alternated. The oncosphere (32-36 µm) is 
indistinguishable among the various species of the family.  
The cycle of Taenidae takes place between a carnivore or omnivore definitive host (including 
humans) and one or more intermediate hosts belonging to a species that is part of the diet of the 
definitive host. After ingestion of the oncosphere, the hexacant larva hatches in the small intestine, 
invades the mucosa and locates in the species-specific elective sites. The larval forms in the 
intermediate hosts were once considered parasites in themself and this explains the origin of their 
specific names. Only in the mid-nineteenth century they were associated to the various adult forms. 
Once in the predilection site the oncosphere loses its hooks and develops into one of the following 
larval stages (metacestodes) [Fig. 1]: 
- cysticercus: fluid-filled cyst containing an attached single invaginated scolex, called protoscolex. 
- coenurus: similar to a cysticercus, but with numerous invaginated scolices in one cavity.  
- strobilocercus: the scolex is evaginated and is connected to the cyst by a chain of a sexual 
proglottids. The latter are digested away after ingestion by the final host, leaving only the scolex. 
- hydatid or hydatid cyst: large fluid-filled cyst lined with germinal epithelium from which are 
produced invaginated scolices which lie free or in bunches, surrounded by germinal epithelium 
(brood capsules). Outside the germinal epithelium are the middle laminated membrane, which is 
acellular and allows the passage of nutrients, and then the outer pericyst, composed of modified 
host cells that form a dense and fibrous protective zone which limits the hydatid expansion 
avoiding metastasis. 
- alveolar hydatid: composed of numerous small vesicles lined with a germinal epithelium from 
which multiple protoscolices develop. The alverolar hydatid cyst content is semisolid. This stage is 
characterized by exogenous budding that frequently results in spread of metacestodes to other 
locations within the intermediate host 
 
 
Fig. 1 –Some metacestodesof the Family Taenidae 
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Taenia hydatigena (Pallas, 1766) 
Final hosts: canids 
Intermediate hosts: domestic and wild ruminants, Suidae; cysticercus (Cysticercus tenuicollis) in 
the peritoneum 
Morphology: 5 m long. The scolex is large and has two rows of 26 and 46 rostellar hooks; the bigger 
ones measure 170-220 µm, the smaller 110-160 µm. Gravid proglottids are 12x6 mm and the uterus 
has 5-10 lateral branches. 
 
Taenia ovis (Cobbold, 1869) 
Final hosts: canids 
Intermediate hosts: sheep, goat; cysticercus (Cysticercus ovis) in the muscle 
Morphology: 45-200 cm long. Scolex with two rows of hooks; the bigger ones measure 156-190 µm, 
the smaller 96-130 µm. The uterus has 20-25 lateral branches. 
 
Taenia multiceps (Leske, 1780) (syn. Multiceps multiceps) 
Final hosts: canids 
Intermediate hosts: ruminants, Equidae, rarely man (El-On et al. 2007); coenurus (Coenurus 
cerebralis) in the brain and spinal cord 
Morphology: 1 m long. The scolex has two rows of rostellar hooks; the bigger ones measure 150-
170µm, the smaller 90-130 µm. Gravid proglottids are rectangular and the uterus has 9-26 lateral 
branches. 
 
Taenia pisiformis (Bloch, 1780) 
Final hosts: canids, exceptionally cats 
Intermediate hosts: leporids; cysticercus (Cysticercus pisiformis) in the liver and peritoneal cavity 
Morphology: 60-200 cm long. The scolex is globular and has two rows of rostellar hooks; the 
bigger ones measure 225-294 µm, the smaller 130-170 µm. Gravid proglottids are rectangular and 
the uterus has 8-14 lateral branches. 
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Taenia serialis (Gervais, 1847) (syn. Multiceps serialis) 
Final hosts: canids 
Intermediate hosts: leporids, exceptionally man (Euzéby 1961); coenurus (Coenurus serialis) 
intramusculara nd subcutaneous connectivetissue 
Morphology: up to 70 cm long. The scolex is globular and has two rows of rostellar hooks; the 
bigger ones measure 110-175 µm, the smaller 68-120 µm. In gravid proglottids the uterus has 20-25 
lateral branches. 
 
Taenia polyacantha (Leukart, 1856) 
Final hosts: fox 
Intermediate hosts: wild rodents; cysticercusin peritoneal and pleural cavities 
Morphology: maximum length 12 cm, double row with 62 hooks; the bigger ones are 58 µm, the 
smaller 34 µm. The uterus has 8 lateral branches. 
 
Taenia crassiceps (Zeder, 1800) 
Final hosts: fox, coyote 
Intermediate hosts: rodents; cysticercus (Cysticercus longicollis) in subcutaneous tissue 
Morphology: maximum length 20 cm, double row with 32-34 hooks; the bigger ones are 186µm, 
the smaller 135µm. 
 
Taenia taeniformis (Batsch, 1786) 
Final hosts: cat and other carnivores 
Intermediate hosts: rodents; strobilocercus (Cysticercus fasciolaris) in the liver 
Morphology: 15-60 cm long. Rostellum with 26-52 hooks, of which the bigger ones are 380-420 µm 
and the smaller ones 250-270 µm. In gravid proglottids the uterus has 16-18 lateral branches. 
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Echinococcus multilocularis (Leukart, 1863) 
Final hosts: fox, rarely dogs and other canids, cats and other felids 
Intermediate hosts: rodents (especially of the Family Arvicolidae); a wide range of other mammals, 
such as swine, horse, ruminants, primates, represent accidental hosts, in which generally 
protoscolices don’t develop. Rarely also definitive hosts can harbour the metacestodes. 
Site: adults in the small intestine; larval stage (alveolar hydatid) in the liver, less frequently in 
lungs, brain, muscle, lymph nodes. 
Geographical distribution:northern hemisphere, including central and northern Europe, North 
America, Greenland, Russia, Middle East, India, China, Japan.Until the late ‘80s its distribution in 
Europe was considered limited to a delimited endemic central area (Switzerland, Austria, southern 
Germany and central France), however in the last decade a wider range became evident. In Italy, E. 
multilocularis was found for the first time in 2002 in two foxes from Bolzano district (NE Italy) 
(Manfredi et al. 2002). 
Morphology: very small tapeworm, adults are 1.2-4.5 mm long. The body has 4-5 proglottids, of 
which the second last is mature and the last gravid, with a typical sac-like uterus; the genital pores 
are in front of the middle each of segment. The metacestode is an alveolar hydatid cyst. 
Zoonotic aspects: E. multilocularis is responsible for a severe parasitic zoonoses, the alveolar 
echinococcosis (AE) caused by accidental ingestion of oncospheres. The fox is considered the main 
sourceof environmental contamination with parasite eggs. The cysts develop inhumans with a 
tumor-like, destructive growth. The process is usually very slow; the inner parts may undergo 
necrosis, while the outer ones continue to proliferate. The size of the lesions vary considerably: 
initially measuring a few mm, they can reach 15-20 cm in diameter. Cases of calcification of the cyst 
with self-healing have been reported, but there are no data on the frequency of such event. The 
disease can remain asymptomatic for 5-15 years, and the diagnosis is therefore usually late. The 
average age at diagnosis is usually quite high: 50-70 years. The symptoms are various, non-specific 
and depend on the location of the lesion and the size. Prevalent symptoms of liver involvement are 
hepatomegaly, cholestatic jaundice, portal hypertension or stasis of the vena cava, abdominal colics 
(Eckert and Deplazes 1999). 
 
Echinococcus granulosus (Batsch, 1786) 
Final hosts: dogs, rarely other canids: fox, hyena, jackal. Interestingly, all specimens of E. 
granulosus found in Italy in foxes were immature, suggesting a marginal epidemiological role of 
this host in Italy (Garippa et al. 2004; Leoni et al. 1986). In Australia the fox has an epidemiological 
role (Jenkins 2006) and the parasite has been found also in urban foxes of Canberra (Jenkins and 
Craig 1992). Differences in the morphology and biology of E. granulosus isolates from different 
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hosts specie in the world have been recongnized, and they lead to the subdivision into various 
clades or genotypes. They mainly differ for infectivity to intermediate hosts species including 
humans. Not all genotypes are zoonotic (Thompson and McManus 2002). 
Intermediate hosts: mainly ungulates (sheep, cows, swines, horses), but also leporids, marsupials, 
primates 
Geographical distribution: worldwide, the various genotypeshave different ranges 
Morphology: adult 2-7 mm long, with 3-4 segments; second last proglottid mature and last gravid, 
with a typical uterus with lateral digits. The genital pore is located at or posteriorly to half the 
proglottid. The metacestode is a hydatid cyst. If the cyst is very large, as sometimes happens in 
humans, the formation of daughter cysts inside is possible (closed cavities separated by laminated 
layer and germinal layer containing scolices). Cysts can reach 20 cm in the liver and in the lung and 
in case of abdominal localization dimensions are even bigger. 
Site: adults in the small intestine of the final hosts. Hydatid cysts occur mainly in liver and lungs. 
Zoonotic aspect: E. granulosus in humans can cause a serious condition called cystic 
echinococcosis (CE), due to the development of hydatid cyst in the human body after accidental 
ingestion of the eggs. The dog is considered the main source of human infection, but also the fox 
can sometimes host the adult cestode and eliminate eggs. Lesions primarily affect liver and lungs, 
but less frequent localizations at splenic, abdominal and renal level are reported, and even more 
rarely in muscle, brain and bone. The differences with AE consists in the absence of metastatic 
spread of the hydatid cyst, therefore usually patients with CE present involvement of a single organ. 
The disease remains subclinical for many years, until it causes compression of surrounding organs, 
or spontaneous or traumatic rupture of the cyst. In the case of compression you will have various 
symptoms depending on the site (cholestatic jaundice, cirrhosis, portal hypertension or stasis of the 
inferior vena cava for hepatic localization, chronic cough, chest pain, increasing dyspnea, 
hemoptysis in case of pulmonary localization). A sudden rupture of the cyst may cause anaphylactic 
shock due to the release into the circulation of a large amount of parasitic antigens. 
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Family Dilepididae 
Genus Dipylidium:  D. caninum 
Genus Diplopylidium:  D. noelleri 
Genus Joyeuxiella:  J. echinorynchoides 
     J. pasqualei 
Family charachterized by aretractile rostellum [Fig. 32, Appendix 2] generally armed with some 
rows of hooks. Double pairs of reproductive systems in each proglottid [Fig. 33, Appendix 2]. Larval 
fom (cysticercoid) is found in arthropods and reptiles and is characterized by a single evaginated 
scolex embedded in a small solid cyst. Some species require two intermediate hosts. 
Dipylidium caninum (L.1785) 
Final hosts: canids, felids,rarely human 
Intermediate hosts:fleas, lice 
Site: adults in the small intestine of final hosts, larval stage (cysticercoid) in the coelom of 
intermediate hosts 
Geographical distribution: worldwide 
Morphology: adults measure 20-70 cm in length and 2-3 cm in width. The scolex, small and 
slightly flattened dorso-ventrally, has a central retractable rostellum armed with 4 or 5 rows of 
hooks and 4 unarmed suckers. The neck is about 6 times the length of the scolex. Each proglottid 
has double genital pores that open about half way the length of the proglottid; whengravid, it 
contains the egg capsules (120-200 µm), in which 3-30 eggs (26 -50 µm) are enclosed [Fig. 34, 
Appendix 2]. The first proglottids are narrow and trapezoidal, the latter have the shape of a melon 
seed and measure 23x3 mm. 
Life cycle: the newly passed segments are active and can can be fund moving about on the perineal 
region of the animal. The egg capsule are expelled by the active segment or released by its 
disintegration. Theoncospheres ingested by the intermediate host travel to the abdominal cavity 
where theydevelop into cysticercoids. Fleas can acquire the infection only during larval stages, 
while lice can get infected all their life.The cycle continues when the cysticercoid is ingested by a 
final host. 
Pathogenesis and clinical signs: adults generally do not cause any enteric problem in final host, 
even in case of massive infections.Active segments newly passed can cause anal pruritus and 
irritation. 
Zoonotic aspects: D. caninumcan be transmitted to human in case of accidental ingestion of 
infected intermediate hosts. Human cases are rare.  
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Joyeuxiella pasqualei (Diamare, 1893) 
Final hosts: canids, felids 
Intermediate hosts:  1st: invertebrates 
   2nd: reptiles, smallmammals 
Site: adults in smallintestine of final hosts 
Geographical distribution: Europe, Africa 
Morphology: the adult is 5-50 cm long and 2-5 mm wide. The scolex has a cylindrical central 
retractable rostellum armed with hooks, which are arranged on 14-18 rows. The neck is about 8 
times the length of scolex. The proglottids, which are very similar to those of D. caninum, have 
double genital pores, positioned in the anterior half; gravid uterus contains the egg capsules, in 
which a single egg (26-50 µm) is enclosed. 
Life cycle: not fully known 
Pathogenesis andclinical signs: generally asymptomatic, rarely mild enteritis. 
 
Joyeuxiella echinorhynchoides (Sonsino, 1889) 
Final hosts: canids, felids 
Intermediate hosts: 1st: invertebrates 
   2nd: reptiles, small mammals 
Site: adults in small intestine of final hosts  
Geographicaldistribution: Europe, Middle East 
Morphology: the adult is 3-26 cm long and 2-3 mm wide. The scolex has a central conical 
retractable rostellum armed with hooks, arranged on 23 - 25 rows. The neck is 2-4 times longer 
than the scolex and narrower. The first proglottids are large and long, the following ones are 
squared, the last ovoid or rounded. The proglottid has doubles genital pores, located between the 
anterior and middle third of the segment; gravid uterus contains egg capsules, in which a single 
eggis contained. 
Life cycle: not fully known 
Pathogenesis and clinical signs: unknown 
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Diplopylidium noelleri (Skrjabin, 1924) 
Final hosts: canids, felids 
Intermediate hosts: 1st: invertebrates 
   2nd: reptiles, small mammals 
Site: adults in small intestine of final hosts  
Geographical distribution: Europe, Middle East 
Morphology: the adult is 9-12 cm long and 1 mm wide. The scolex is equipped with a central conical 
retractable rostellum armed with hooks, arranged in 3-4 files. The neck is narrower than the scolex. 
The gravid uterus contains the egg capsules, in which a single egg is enclosed. 
Life cycle: not fully known  
 
Family  Mesocestoididae 
Genus Mesocestoides:  M. lineatus 
     M. litteratus 
Family characterized by an unarmed scolex with 4 well developed suckers and no rostellum. Genital 
pore located middle-ventrally in the body. 
Two species are reported in Europe: 
Mesocestoides lineatus (Goeze, 1872) 
Mesocestoides litteratus (Batsch, 1786) 
They share same hosts, site, distribution and life cycle.The only differences are some morphological 
and genetic characteristics. 
Final hosts: carnivorous mammals, especially canids and mustelids, but also a wide range of other 
families 
Intermediate hosts 1st: mites, in which the oncosphere develops to a cysticercoid 
   2nd: birds, reptiles, amphybians, small mammals, in which the larvae 
develop to the infective stage (tetratiridium) 
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Site: small intestine of the final host, coelom of the 1st intermediate host, pleuric and peritoneal 
cavities of the 2nd intermediate host. Often final hosts can harbour the tetartiridium stages in the 
peritoneal (Eleni et al. 2007). 
Geographical distribution: Europe, Asia, Africa 
Morphology: adults up to 40 cm long. Unarmed scolex with 4 suckers [Fig. 35, Appendix 2]. Body 
of thin proglottids that have the genital pore in the middle and bipartite vitelline glands. The 
mature proglottids are wider than long. The uterus in mature proglottids takes the form of a wide 
sack called parauterine body, with a thick wall, in which a large number of eggs areaccumulated 
[Fig. 36, Appendix 2]. The gravid proglottids detach from the strobila and are expelled with the 
faeces. 
Life cycle: not completely known. 
Zoonotic aspects: reports of infections with M.lineatus in human (Keeseon et al. 1992). 
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3. STUDY AREA 
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The epidemiological study was conducted in Liguria, northwest Italy, in the districts of 
Imperia and Savona [Fig. 1]. A small number of foxes (n=5) were also sampled in the 
south of Piedmont (Cuneo district): these animals were not included in the 
epidemiological survey, but some of the parasites they harboured were used for scanning 
electron microscopy and genetic analysis. Foxes and dogs were sampled in 48 Ligurian 
municipalities, in an area of 27300 km2 between 43°47’–44°20’ N latitude and 7°36’–
8°22’ E longitude. 
The territory is dominated by hills and low mountains; sampled subjects came from 
altitudes between 50 and 1200 m above sea level. The inland environment is 
predominantly semirural and the human population is distributed in small towns and 
villages. The vegetation consists mainly of olive groves, vineyards, orchards, woods of oak 
and chestnut trees, pastures at higher altitudes. The intense agricultural and hunting 
activities in the area provide a favorable setting for contact between foxes, domestic 
animals and humans. 
The climate is warm-temperate, with an annual mean temperature of 16.3°C in 2012, 
mean month temperatures ranging from 9.8°C in January to 23.8°C in July and a total 
rainfall of 692 mm per year.  
 
Fig. 1. Study area  
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4. EPIDEMIOLOGICAL SURVEY 
ON FOXES 
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4.1 MATERIALS AND METHODS 
 
4.1.1 Sampling 
A total of 165 red foxes (98 males and 67 females) from the district of Imperia (Liguria, 
northwest Italy) were collected between 2009 and 2012. 
The foxes had been culled according to the national law no. 157/92 and collected by the 
provincial offices of the Veterinary Public Health Services (Imperia section of Istituto 
Zooprofilattico Sperimentale of Piedmont, Liguria and Aosta Valley, IZS) between October 
and January of each year (wild boar hunting season). Individual data on area of origin, 
sex, weight and age were recorded. The age of the animals was determined on the basis of 
general size and dental’s development as described by Harris (1978). The animals were 
classified as “young” (under 1 year of age, n=36) or “adult” (more than 1 year of age, 
n=129). The necropsy was performed at the IZS: specific biological samples (the head and 
a sample of muscle tissue) were taken for epidemiological surveillance of rabies and 
trichinellosis, according to the Directive 2003/99/EC on the monitoring of zoonoses and 
zoonotic agents, while gastrointestinal viscera, the cardiopulmonary system and the 
urinary tract were separated from the rest of the carcass and examined at the Parasitology 
section of the Department of Veterinary Science, University of Pisa, after refrigeration at -
80 °C for at least 7 days for biosecurity reasons.  
 
4.1.2 Parasitological examination  
The following examinations were performed: 
a. Coprological examination with flotation in centrifuge 
b. Examination of the cardiorespiratory system 
c. Examination of the gastrointestinal tract 
d. Examination of the urinary system 
e. Examination of the liver 
f. Examination for Trichinella spp. (IZS Imperia) 
g. Identification of parasites 
 
a. Coprological examination with flotation in centrifuge 
Rectal fecal samples were subjected to coprological analysis to detect parasitic eggs and 
larvae using the flotation in centrifuge technique with 50% zinc sulphate (s.g. 1.350) as 
flotation solution, following the procedure described in Dryden et al. (2005): 
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1. Weigh 2–5 g of faeces 
2. Mix feces with approximately 10 ml flotation solution 
3. Pour mixture through a tea strainer into a beaker or faecal cup 
4. Pour strained solution into a 15-ml centrifuge tube 
5. Fill tube with flotation solution until a slightly positive meniscus forms 
6. Place a coverslip on the tube and put the tube in the centrifuge 
7. Make sure the centrifuge is balanced 
8. Centrifuge at 300 g for 5 minutes 
9. Let the tube stand for 10 minutes 
10. Remove the coverslip and place it on a glass slide, systematically examine the 
entire area under the coverslip at 100 diameters (i.e., 10× magnification) 
 
b. Examination of the cardiorespiratory system 
The cardiorespiratory system was examined as follows: trachea and bronchi were 
dissected and examined under a stereomicroscope, lung tissue smears were taken to 
evaluate the presence of eggs, larvae and microfilariae, the heart and the lungs were 
incised and examined grossly, finally the dissected organs were washed in a conic beaker 
and the washing liquid was left standing for at least half an hour prior to examination of 
the sediment in a Petri dish under a stereomicroscope. Furthermore for two foxes we had 
the opportunity to examine the nasal cavities, which were dissected and washed; then the 
washing liquid was collected in a Petri dish and observed under a stereomicroscope. 
 
c. Examination of the gastrointestinal tract 
The intestine was examined with the sedimentation and counting technique (S.C.T.), 
according to the recommended methods for the detection of Echinococcus multilocularis 
and other small helminths (Eckert et al. 2001). Briefly, the intestine was divided into 5 
segments and each one was opened longitudinally: the intestinal content was 
macroscopically inspected to collect large parasites, then each segment was washed in a 
conical beaker with 1 l of tap water, scraping the mucosal surface in order to collect all the 
material. The beakers were then left still for at least 30 minutes. The sedimentation was 
repeated until a clear supernatant was obtained, the sediment was then subdivided into 
small aliquots in Petri dishes for stereomicroscopic examination. 
Gastric walls were observed macroscopically, while gastric contents were also inspected 
with sedimentation. 
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d. Examination of the urinary system 
Kidneys were opened longitudinally and inspected first macroscopically then by 
stereomicroscopy. The urinary bladder was opened and washed in a conic beaker which 
was left still for half an hour. The sediment was first observed by stereomicroscopy to 
collect adult worms and then centrifuged 700 g for 5 min to collect eggs.  
 
e. Examination of the liver 
The liver was first examined grossly to detect lesions. The gall bladder and the bile ducts 
were examined separately. The gall bladder was transferred into a Petri dish, opened and 
observed under a stereomicroscope for the detection of adult parasites. The mucosa was 
washed in 50 ml of normal saline solution; the sediment obtained after 30 minutes in a 
beaker was centrifuged at 1000 g for 10 min and observed under an optical microscope 
(40x magnification). Liver lobules were sliced and smears were prepared. The entire liver 
was then dissected along the bile ducts under a stereomicroscope, washed in a conical 
beaker and the washing liquid was submitted to the same sedimentation procedure as 
above. 
 
f. Examinations for Trichinella spp. (IZS Imperia) 
Muscle samples (5 g) taken from the tibialis anterior muscle, were subjected to in vitro 
digestion according to Reg. CEE N. 2075/2005. 
 
g. Identification of parasites 
All parasites found were isolated, counted, divided by gender and stored in 70% alcohol; 
cestodes were also stored in AFA. Their identification was based on observation by optical 
microscopy according to the keys of Levine (1968), Soulsby (1982), Yamaguti (1959) and, 
for nematodes of the Family Trichuridae, Skrjabin et al. (1957) and Campbell (1991). In 
some cases identification was achieved with PCR and/or SEM. 
 
4.1.3 Statistical analysis 
The following epidemiological indexes were calculated: 
Prevalence (P): the ratio between the number of hosts infected by a parasite and the 
sample size. 
Mean intensity (MI): the ratio between the total number of parasites of a certain type 
and the number of hosts infected by that parasite. 
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Abundance (A): the ratio between the total number of parasites of a certain type and the 
sample size. 
Range (R): the interval between the minimum and the maximum number of parasites of 
a particular type found in a host. 
Index of Importance (Ii): it is calculated with the formula 
 
where Aj is the number of parasites of a certain type and Bj is the number of hosts infected 
by that type of parasite. Depending on the value of Ii, the parasite can be classified as 
dominant, codominant or subordinated. 
Multiple infections were also described. 
Pearson’s chi squared test or, when required, Fisher’s exact test were used to compare the 
prevalence values of parasites between males and females and between young and adult 
animals. Significance of the tests was reached for P values less than 0.05. 
The distributions of observed frequencies of parasites in the hosts were compared using 
Pearson’s chi squared test with negative binomial distributions to investigate the 
ecological equilibrium among hosts and parasites. 
Multivariate logistic regression with positivity to parasites as dependent variable was 
carried out taking as covariates gender and age. 
The results of the coprological test were compared to the results of necropsy, taken as gold 
standard. The characteristics of a diagnostic test are evaluated as follows: the subjects of a 
sample of size n are tested with the test under evaluation as well as with a reference test 
(gold standard, GS), that is considered to be particularly reliable. The following table is 
built: 
 Test pos Test neg 
GS pos A C 
GS neg B D 
 
a is the number of the “true positives” (subjects which tested positive to the GS and also to 
the test), b is the number of “false positives” (subjects negative to GS and found positive by 
the test), c is the number of “false negatives”, d is the number of “true negatives”, 
a+b+c+d=n.  
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The above table allows estimating on the sample the parameters of the diagnostic test: 
Sensitivity (s): the probability of correctly identifying the true positives subjects,  
s = a/(a+c) 
Specificity (s’): estimate of the probability of identifying the true negatives, s’ = d/(b+d) 
Positive predictive value (ppv): the probability that a subject with a positive test is 
positive to the GS, ppv = a/(a+b) 
Negative predictive value (npv): the probability that a subject with a negative test is 
negative to the GS, npv = d/(c+d) 
Accuracy (ac): the percentage of correct results of the test, ac = (a+d)/n 
The analysis was carried out using Excel 2007 for Windows (Microsoft Corporation, 
Redmond, USA) and R 2.8.1 (R Development Core Team, 2008). 
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4.2 RESULTS  
 
a. Coprological examination with flotation in centrifuge 
The results of coprological examinations with flotation in centrifuge on 165 fox faecal 
samples are given in Table 1. Eggs of the Family Ancylostomatidae were most frequently 
found (prevalence 48.5%), followed by eggs of Eucoleus aerophilus (25.4%), Toxocara 
canis (18.2%), Molineus legerae (18.2%) and Toxascaris leonina (14.5%). 
Table 1 Results of copromicroscopic examinations by flotation in centrifuge of faecal samples of 
165 red foxes  
Coproscopy with flotation (165 foxes) n. pos P% (95% CI) 
Ancylostomatidae 80 48.5 (40.9-56.1) 
Eucoleus aerophilus 42 25.4 (18.8-32.1) 
Toxocara canis 30 18.2 (12.3-24.1) 
Molineus legerae 30 18.2 (12.3-24.1) 
Toxascaris leonina 24 14.5 (9.2-19.9) 
Coccidia 17 10.3 (5.7-14.9) 
Aonchotheca putorii  11 6.7 (2.9-10.5) 
Trichuris vulpis 8 4.8 (1.6-8.1) 
Spirocerca lupi 7 4.2 (1.2-7.3) 
Mesocestoides spp. 6 3.6 (0.8-6.5) 
Hymenolepis diminuta 5 3.0 (0.4-5.6) 
Pterygodermatites affinis 4 2.4 (0.1-4.8) 
Physaloptera spp. 2 1.2 (0-2.9) 
Eucoleus boehmi 2 1.2 (0-2.9) 
Taenidae 1 0.6 (0-1.8) 
 
b. Examination of the cardiorespiratory system 
The following cardiorespiratory parasites were found: Angiostrongylus vasorum 
(prevalence 78.2%), E. aerophilus (41.8%), Crenosoma vulpis (15.8%) and Filaroides spp. 
(4.8%) (Table 2). Furthermore, one of the two subjects for which nasal cavities were 
available was found positive for Eucoleus boehmi and 3 adult worms were collected (the 
species was not included in the statistical analysis). No differencese were observed 
between age classes or sexes (Table 3). Cardiopulmonary co-infections are described in 
Table 4 and Fig. 1; co-infections of A. vasorum and E. aerophilus were frequent (n = 38) 
but not statistically significant. Table 5 shows the frequencies of different levels of 
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infection of A. vasorum, E. aerophilus, C. vulpis. For the same species a negative binomial 
distribution fitted the data (Table 6 and Fig. 2, Fig. 3, Fig. 4).  
 
Table 2 Cardiorespiratory helminths found in 165 red foxes (P% = prevalence; CI = Confidence 
Interval; A = Abundance; MI = Mean Intensity; R = Range; Ii = Importance Index) 
Cardiorespiratory parasites 
(165 foxes) n. pos P% (95% CI) 
parasites’ 
total n. A MI R Ii 
Angiostrongylus vasorum 129 78.2 (71.9-84.5) 1235 7.48 9.6 0-53 0.8745 
Eucoleus aerophilus 69 41.8 (34.3-49.3) 293 1.78 4.2 0-35 0.1110 
Crenosoma vulpis 26 15.8 (10.2-21.3) 100 0.61 3.8 0-55 0.0143 
Filaroides spp. 8 4.8 (1.6-8.1) 6 0.04 0.8 0-2 0.0003 
 
 
Table 3 Age and sex frequency distribution of cardiorespiratory helminths of 165 red foxes with 
the P values of chi squared test or Fisher test used to compared prevalences (≤1y = less or equal 
than one year of age; >1y = older than one year of age; F = females; M = males; P% = prevalence)  
Cardiorespiratory 
parasites (165 foxes) 
n. 
pos 
≤1y (n=37) >1y (n=128) P 
value 
F (n=67) M (n=98) P 
value pos P% pos P% pos P% pos P% 
Angiostrongylus 
vasorum 129 29 78.4 100 78.1 0.97 52 77.6 77 78.6 0.88 
Eucoleus aerophilus 69 15 40.5 54 42.2 0.86 25 37.3 44 44.9 0.33 
Crenosoma vulpis 26 5 13.5 21 16.4 0.66 12 17.9 15 15.3 0.66 
Filaroides spp. 8 2 5.4 6 4.7 -- 5 7.5 3 3.1 -- 
 
 
Table 4 Multiple infections of cardiorespiratory helminths  
Multiple cardiorespiratory parasitic infections  
(165 foxes) n. of cases 
Negative 19 No infection (11.5%) 
Angiostrongylus vasorum 65 
Single infections (49.1%) Eucoleus aerophilus 13 
Crenosoma vulpis 3 
A. vasorum + E. aerophilus 38 
Double infections (31.5%) A. vasorum + C. vulpis 7 
A. vasorum + Filaroides spp. 4 
E. aerophilus + C.vulpis 3 
A. vasorum+ E. aerophilus + C. vulpis 11 Triple infections (7.9%) 
A. vasorum+ E. aerophilus + Filaroides spp. 2 
A. vasorum+ E. aerophilus + C. vulpis + Filaroides spp. 2 Quadruple infections (1.2%) 
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Fig. 1 Pie graph representing multiple cardiopulmonary infections  
 
 
 
Table 5 Infection levels of the most prevalent cardiopulmonary nematodes of 165 foxes 
Cardiorespiratory parasites 
 (165 foxes) Infection levels 
Angiostrongylus vasorum neg low (1-9 worms) medium (10-24 worms)  high (≥25 worms) 
n. of foxes 36 85 33 11 
Eucoleus aerophilus neg low (1-4 worms) medium (5-14 worms)  high (≥15 worms) 
n. of foxes 96 51 15 3 
Crenosoma vulpis neg low (1-4 worms) medium (5-14 worms)  high (≥15 worms) 
n. of foxes 139 23 1 2 
 
 
 
Table 6 Negative binomial distributions which fit the observed frequency distribution of the most 
prevalent species of cardiorespiratory helminths in 165 red foxes (P values of chi squared tests). 
The parameters of the distributions are written in terms of the mean <x> and of the variance s2 as 
follows: p = <x>/s2 , k = <x>p/(1 – p).  
Cardiorespiratory parasites 
(165 foxes) 
Negative binomial 
P value 
k p binom 
Angiostrongylus vasorum 0.54 0.07 0.86 
Eucoleus aerophilus 0.21 0.11 0.12 
Crenosoma vulpis 0.02 0.03 0.32 
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c. Examination of the gastrointestinal tract 
The results of the examination of the stomach are shown in Table 7. For Spirocerca lupi 
only the prevalence value was calculated, due to the fact that it was not always possible to 
count the exact total number of parasites contained in the nodules. No significant 
differences were observed in age and sex distribution of the parasites (Table 8). In most 
foxes only one species of gastric parasite was found, a double infection (of S. lupi and 
Physaloptera spp.) was observed just in one case.  
The results of the examination of the intestine are in Table 9. All foxes were negative for 
Echinoccoccus multilocularis. Trematodes were found only in 1 fox; they were identified 
as belonging to the family Plagiorchidae, but it was not possible to identify the specimens 
to species level due to their bad state of conservation. In Table 10 the frequency 
distribution of intestinal parasites according to hosts’ age and gender is displayed: a 
significant difference was observed only in the distribution of Mesocestoides spp., which 
was more prevalent in adult foxes. Table 11 shows the different levels of infection of the 
most prevalent parasites (Mesocestoides spp., Uncinaria stenocephala, cestodes of the 
family Dilepididae, T. leonina, T. canis and M. legerae). The distributions of the most 
prevalent intestinal nematodes were negative binomial, while cestodes of the genus 
Mesocestoides and of the family Dilepididae did not show this pattern (Table 12 and Fig. 5, 
6, 7, 8). 
 
Table 7 Gastric helminths of 81 red foxes (P% = prevalence; CI = Confidence Interval; A = 
Abundance; MI = Mean Intensity; R = Range) 
Gastric parasites 
(81 foxes) n. pos P% (95% CI) 
parasites’ 
total n. A MI R 
Spirocerca lupi 19 23.5 (14.2-32.7) n.r. n.r. n.r. n.r. 
Aonchotheca putorii 7 8.6 (2.5-14.8) 65 0.80 9.3 0-12 
Physaloptera spp. 2 2.5 (0-5.8) 7 0.08 3.5 0-3 
 
Table 8 Results of the examinations of the stomach of 81 red foxes divided according to age classes 
and gender with the P  values of chi squared test or Fisher’s test used to compare prevalences (≤1y = 
less or equal one year of age; >1y = older than one year of age; F = females; M = males; P = 
prevalence)  
Gastric parasites 
(81 foxes) 
n. 
pos 
≤1y (n=11) >1y (n=70) P 
value 
F (n=28) M (n=53) P 
value pos P% pos P% pos P% pos P% 
Spirocerca lupi 19 4 36.4 15 21.4 0.46 7 25.0 12 22.6 0.26 
Aonchotheca 
putorii 7 2 18.2 5 7.1 0.27 3 10.7 4 7.5 0.86 
Physaloptera spp. 2 0 0 1 1.4 -- 1 3.6 1 1.9 -- 
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Table 9 Intestinal helminths of 165 red foxes (P% = prevalence; CI = Confidence Interval; A = 
Abundance; MI = Mean Intensity; R = Range; Ii = Importance Index) 
Intestinal parasites 
(165 foxes) n. pos P% (95% CI) 
parasites’ 
total n. A MI R Ii 
Mesocestoides spp. 136 82.4 (76.6-88.2) 7300 44.00 ~54 0-ca 200 0.8606 
Uncinaria stenocephala 115 69.7 (62.7-76.7) 813 4.93 7.2 0-58 0.0809 
Fam. Dilepididae 45 27.3 (20.5-34.1) 803 4.87 17.8 0-ca 110 0.0313 
Toxascaris leonina 44 26.7 (19.9.5-33.4) 347 2.10 7.9 0-50 0.0132 
Toxocara canis 41 24.8 (18.3-31.4) 143 0.87 3.5 0-10 0.0051 
Molineus legerae 40 24.2 (17.7-30.8) 180 1.09 4.5 0-30 0.0062 
Trichuris vulpis 34 20.6 (14.4-26.8) 62 0.38 1.8 0-9 0.0018 
Aonchotheca putorii 14 8.5 (4.2-12.7) 120 0.73 8.6 0-35 0.0015 
Pterygodermatites affinis 8 4.8 (1.6-8.1) 74 0.45 9.3 0-40 0.0005 
Taenia spp. 5 3.0 (0.4-5.6) 24 0.15 4.8 0-10 0.0001 
Taenia polyacantha 2 1.2 (0.0-2.9) 6 0.04 3.0 0-3 <0.0001 
Taenia pisiformis 2 1.2 (0.0-2.9) 4 0.02 2.0 0-2 <0.0001 
Trematoda 1 0.6 (0.0-) 3 0.02 3.0 0-3 <0.0001 
 
 
 
Table 10 Age and sex frequency distribution of the intestinal helminths of 165 red foxes with the P 
values of chi squared test or Fisher test used to compare prevalences (≤1a = less or equal one year of 
age; >1a = older than one year of age; F = females; M = males; P% = prevalence) 
Intestinal parasites 
(foxes=165) 
n. 
pos. 
≤1y 
(n=37) 
>1y  
(n=128) P 
value 
F (n=67) M (n=98) P 
value pos P% pos P% pos P% Pos P% 
Mesocestoides spp. 136 26 70.3 110 85.9 0.027* 54 80.6 82 83.7 0.610 
Uncinaria stenocephala 115 26 70.3 89 69.5 0.931 46 68.6 69 70.4 0.810 
Fam. Dilepididae 45 6 16.2 29 22.7 0.086 16 23.9 29 29.6 0.418 
Toxascaris leonina 44 12 32.4 32 25.0 0.368 14 20.9 30 30.6 0.165 
Toxocara canis 41 12 32.4 29 22.7 0.225 16 23.9 25 25.5 0.812 
Molineus legerae 40 11 29.7 29 22.7 0.376 13 19.4 27 27.5 0.230 
Trichuris vulpis 34 11 29.7 23 18.0 0.119 12 17.9 22 22.5 0.479 
Aonchotheca putorii 14 3 8.1 11 8.6 0.925 6 9.0 8 8.2 0.979 
Taenia spp. 9 0 0 9 7.0 0.213 2 3.0 7 7.1 0.306 
Pterygodermatites affinis 8 4 10.8 4 3.1 -- 2 3.0 6 6.1 -- 
Trematoda 1 0 0 1 0.8 -- 0 0.0 1 1.0 -- 
 
  
 Table 11 Infection levels of the most prevalent 
Intestinal parasites 
 (165 foxes) 
Mesocestoides spp. 
n. of foxes 
Uncinaria stenocephala 
n. of foxes 
Fam. Dilepididae 
n. of foxes 
Toxascaris leonina 
n. of foxes 
Toxocara canis 
n. of foxes 
Molineus legerae 
n. of foxes 
 
Table 12 Negative binomial distributions which fit the observed frequency distribution of the most 
prevalent species of intestinal
parameters of the distributions are written in terms of the mean <x> and of the variance s
follows: p = <x>/s2 , k = <x>p/(1 
Intestinal parasites 
(165 foxes) 
Uncinaria stenocephala 
Toxascaris leonine 
Toxocara canis 
Molineus legerae 
 
Fig. 5 Expected and observed frequency distributions of 
 
0
20
40
60
80
100
120
n
. 
fo
x
e
s
intestinal nematodes of 165 foxes
Infection levels 
neg low (1-20 worms) medium (21-120 worms)
29 65 39 
neg low (1-9 worms) medium (10-24 worms) 
50 90 21 
neg low (1-9 worms) medium (10-24 worms) 
120 21 13 
neg low (1-9 worms) medium (10-24 worms) 
121 34 6 
neg low (1-4 worms) medium (5-14 worms) 
123 33 8 
neg low (1-4 worms) medium (5-14 worms) 
125 30 8 
 nematodes in 165 red foxes (P values of chi squared tests)
– p).  
Negative binomial
K p binom
0.43 0.08
0.11 0.05
0.15 0.15
0.11 0.09
Uncinaria stenocephala
 
0-4 5-8 9-12 13-16 17-20 21-24 >24
classes (n. of worms)
Uncinaria stenocephala
exp freq
obs freq
57 
 
  high (≥120 worms) 
32 
 high (≥25 worms) 
4 
 high (≥25 worms) 
11 
 high (≥25 worms) 
4 
 high (≥15 worms) 
1 
 high (≥15 worms) 
2 
. The 
2 as 
 
P value 
 
 0.191 
 0.336 
 0.115 
 0.137 
 
 
 Fig. 6 Expected and observed frequency distributions of 
Fig. 7 Expected and observed frequency distributions of 
Fig. 8 Expected and observed frequency distributions of 
0
50
100
150
n
. 
o
f 
fo
x
e
s
0
20
40
60
80
100
120
140
160
n
. 
o
f 
fo
x
e
s
0
50
100
150
n
. 
o
f 
fo
x
e
s
Toxascaris leonina
 
Toxocara canis 
 
Molineus legerae 
0-3 4-7 8-11 12-15 >16
classes (n. of worms)
Toxascaris leonina
0-1 2-3 4-5 6-7 >8
classes (n. of worms)
Toxocara canis
0-1 2-3 4-5 6-7 >8
classes (n. of worms)
Molineus legerae
exp freq
obs freq
58 
 
 
 
 
exp freq
obs freq
exp freq
obs freq
59 
 
d. Comparison between necroscopy and coprological test 
The comparison between the results of the coprological test and the results of necropsy 
(taken as gold standard) are presented in Table 13. 
 
Table 13 Comparison between necropsy (gold standard) and the coprological test (s = sensitivity, s' 
= specificity, ppv = positive predictive value, npv = negative predictive value, ac = accuracy). 
necropsy/coprology pos/pos pos/neg neg/pos neg/neg s s' ppv npv Ac 
Cardiopulmonary helminths  
(165 foxes) 
Eucoleus aerophilus 34 35 8 88 0.49 0.92 0.81 0.72 0.74 
Gastric helminths (81 foxes) 
Spirocerca lupi 5 14 2 61 0.26 0.97 0.71 0.81 0.81 
Physaloptera spp. 0 2 0 79 0.00 1.00 0.00 0.98 0.98 
Intestinal helminths  
(165 foxes) 
Toxocara canis 23 18 7 117 0.56 0.94 0.77 0.87 0.85 
Toxascaris leonina 24 20 0 121 0.55 1.00 1.00 0.86 0.88 
Trichuris vulpis 6 28 2 129 0.18 0.98 0.75 0.82 0.82 
Fam. Dilepididae 0 45 0 120 0.00 1.00 0.00 0.73 0.73 
Taenia spp. 1 8 0 156 0.11 1.00 1.00 0.95 0.95 
Pterygodermatites affinis 4 4 0 157 0.50 1.00 1.00 0.98 0.98 
Aonchotheca putorii 6 12 5 142 0.33 0.97 0.55 0.92 0.90 
Ancylostomatidae 72 43 8 42 0.63 0.84 0.90 0.49 0.69 
Molineus legerae 23 17 7 118 0.58 0.94 0.77 0.87 0.85 
Hymenolepis diminuta 0 0 5 160 0.00 0.97 0.00 1.00 0.97 
Mesocestoides spp. 5 131 1 28 0.04 0.97 0.83 0.18 0.20 
 
a Two foxes were found positive for Physaloptera spp. with the coprological test, but it has not been 
possible to examine their stomach. Two other foxes were positive at necropsy, but negative at 
coprological examination.  
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e. Examination of the urinary system 
The urinary bladder was examined in 74 of the 165 foxes and P. plica was found 42 
subjects, with a prevalence of 56.8% (95% CI 45.5-68.0%), while kidneys of all 165 foxes 
were negative. A total of 233 adult worms were collected: the number of parasites in a 
single animal ranged from 1 to 20; the abundance was 3.15 and the mean intensity 5.5. The 
distribution of the parasite in different age classes and genders is described in Table 14: 
the prevalence was significantly higher in young foxes. This result was confirmed by 
logistic regression with positivity for infection as the dependent variable. In Table 15 
infection levels are described. A negative binomial distribution did not fit the data (Table 
16). Macroscopic pathologic alterations (i.g. bladder mucosal inflammation: reddish, 
thickened wall, haematuria) were detected in 70% of the positive foxes 
 
 
Table 14 Age and sex frequency distribution of Pearsonema plica in 74 red foxes with the P  values 
of Fisher test used to compared prevalences (≤1y = less or equal one year of age; >1y = older than 
one year of age; F = females; M = males; P% = prevalence)  
Urinary tract 
helminths 
(foxes=74) 
n. 
pos 
≤1y (n=15) >1y (n=59) P  
value 
F (n=29) M (n=45) P 
value Pos P% pos P% pos P% pos P% 
Pearsonema plica 42 14 93.3 28 47.5 0.0001** 15 51.7 27 60,0 0.41 
 
 
Table 15 Infection levels of Pearsonema plica in 74 foxes 
Urinary tract helminths 
(foxes=74) Infection levels 
Pearsonema plica Neg low (1-4 worms) medium (5-14 worms)  high (>15 worms) 
n. of foxes 32 22 16 4 
 
 
Table 16 Negative binomial distributions of Pearsonema plica in 74 red foxes. The parameters of 
the distributions are defined in terms of the mean <x> and of the variance s2 as follows:   p = 
<x>/s2, k = <x>p/(1 – p). 
Urinary tract helminthes 
(74 foxes) 
Negative binomial 
P value 
K p binom 
Pearsonema plica 0.485 0.133 0.037* 
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f. Examination of the liver 
The liver was examined in 78 foxes out of 165. All foxes from Liguria were negative. One of 
the 5 foxes from Cuneo (not included in the statistical analysis), presented an infection by 
Calodium hepaticum (syn. Capillaria hepatica). This parasite was used for SEM and 
biomolecular analysis (see Sections 5.4 and 5.5). For more details see Macchioni et al., in 
press (in Appendix 3). 
 
g. Examination for Trichinella spp. (IZS Imperia) 
All examined foxes were negative for Trichinella spp. 
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4.3 DISCUSSION 
 
The results of our epidemiological study show that the red fox in the study area hosts a 
wide variety of extraintestinal and intestinal helminths. Fifteen nematode species 
(Angiostrongylus vasorum, Eucoleus aerophilus, Eucoleus boehmi, Crenosoma vulpis, 
Filaroides sp., Spirocerca lupi, Physaloptera spp., Uncinaria stenocephala, Toxascaris 
leonina, Toxocara canis, Trichuris vulpis, Aonchoteca putorii, Molineus legerae, 
Pterygodermatites affinis and Pearsonema plica), cestodes of the genus Mesocestoides, of 
the genus Taenia and of the family Dilepididae and one trematode species were found. 
The most prevalent parasites were the intestinal cestodes of the genus Mesocestoides, 
detected in 82.4% of the foxes, followed by A. vasorum (78.2%) in the heart and lung 
arteries, U. stenocephala (68.5%) in the small intestine and P. plica (56.8%) in the urinary 
bladder. No fox proved to be completely negative. A ten-fold infection (6 intestinal species, 
3 cardiorespiratory and P. plica) was found in a fox and in another subject 9 species were 
identified (3 intestinal species, 4 cardiorespiratory, S. lupi and P. plica). Most foxes 
(27.3%) were infected with four different species, followed by five (20%), three (16.9%), 
two (11.5%), six (9.6%), seven (6.1%), eight (5.5%) and one a (1.8%). The wide variety of 
parasites observed is in agreement with the results of the study of Barbosa et al. (2005) 
who found that foxes in more rural provinces have a more diverse helminth fauna 
compared to urban foxes. 
 
4.3.1 Cardiorespiratory helminths  
A. vasorum (prevalence 78.2%), E. aerophilus (syn. Capillaria aerophila) (41.8 %), C. 
vulpis (15.8 %), Filaroides spp. (4.8 %) and E. boehmi (syn. Capillaria boehmi) (1 of the 2 
foxes examined) were found in the cardiorespiratory system.  
A. vasorum was found to be the dominant cardiorespiratory parasite. The prevalence 
value found is one of the highest in Europe (Table 1 and Table 2, Appendix 1). The reasons 
of such high prevalence are not clear. Interestingly, the endemicity of A. vasorum in the 
study area matches the distribution of the parasite in Europe predicted in the model of 
Morgan et al. (2009) based on climatic conditions.  
The rising number of case reports, surveys and reviews concerning this species has shown 
that the parasite is presently widespread throughout Europe in foxes and dogs and it is 
also present in other wild definitive hosts, such as wolves and badgers (Magi et al. 2009b; 
Segovia et al. 2001). This apparent spreading could be due to a greater attention of 
parasitologists towards this species, resulting in the increase of specific studies, but also to 
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changes in the population dynamic of definitive and intermediate hosts (Morgan et al. 
2005). The recent rise of the fox population in Europe is likely to enhance the diffusion of 
A. vasorum and other lungworms, as hypothesized for Echinococcus multilocularis 
(Deplazes et al. 2004). Climatic factors, such as temperature and soil moisture, could 
affect the intermediate hosts distribution (Morgan et al. 2009).  
A. vasorum is known to be present in foxes in Italy, but epidemiological data are 
scattered: its presence has been reported in Tuscany (Magi et al. 2009a; Poli et al. 1984), 
in Sardinia (Leoni et al. 1986) and in Latium (Iori et al. 1990) (Fig. 1 in Guardone et al. 
2013; Table 1, Appendix 1).  
Eucoleus aerophilus is a nematode of the family Trichuridae frequently found in the 
trachea and bronchi of foxes (Skrjabin et al. 1957).The prevalence value found in our work 
(41.8%) is the highest reported in Italy (Table 1, Appendix 1) and is comparable with most 
of the studies conducted in Europe: although reported prevalence values vary from about 
5% (Eira et al. 2006, Portugal; Martinez-Carrasco et al. 2005, Spain) to 88% (Davidson et 
al. 2006, Norway), most surveys reported prevalences higher than 30% (Table 2, 
Appendix 1). The mean intensity (4.2) found in our study was very similar  to the value of 
3.9 found by Saeed et al. (2006), but lower than the average worm burden of 14 observed 
in the recent survey of Laloševic and collaborators (2013) in Serbia.  
In contrast to the wide diffusion in wildlife, where studies are mainly conducted through 
necroscopic examinations, E. aerophilus is not frequently diagnosed in pets (see Chapter 
5). We observed that the sensitivity of coproscopical examination for this parasite, 
compared to the results of the examination of the trachea and bronchi, is quite low (49%). 
A great discrepancy between copromicroscopic and necroscopical findings of E. 
aerophilus was observed also in the study of Lalošević et al. (2013), in which 84% of the 70 
examined foxes were positive by necroscopic examination of the trachea, but only 38% of 
the foxes were positive with copromicroscopy. Finally, it has to be remarked that E. 
aerophilus can also be responsible for human infections and 12 cases have been reported 
in the literature: eight in Russia, one in Morocco, one in Iran (Aftandelians et al. 1977), 
one in France (Palmer et al. 1998) and one in Serbia (Laloševic et al. 2008). 
Eucoleus boehmi is a parasite of the Trichuridae family closely related to E. aerophilus, 
but it lives in the nasal and paranasal cavity of canids instead of trachea and bronchi. It 
was identified for the first time as a new species in silver foxes from Moravia and Austria 
(Supperer 1953) and subsequently found in red foxes and wolves in Poland (Zarnowsky 
and Patyk 1960) and in foxes in Austria (Hinaidy 1971), Germany (Schöffel et al. 1991), 
Hungary (Sréter et al 2003), Norway (Davidson et al. 2006) and Serbia (Lalošević et al. 
2013). Unfortunately, due to logistic problems linked to the fact that the heads of the foxes 
of our study were sent to another section of the IZS (in Turin, Piedmont) for the 
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surveillance on rabies, we could only examine the nasal cavities of two animals, therefore 
the prevalence in the study area was not determined. Reports in European foxes are rare, 
most likely because of the difficulties in isolating the adults from the nasal cavities, 
however high prevalence values have been found ( Lalošević et al. 2013; Davidson et al. 
2006). As far as we know, there are no published reports of E. boehmi in foxes in Italy; 
however other findings of this parasite in Italian foxes are known (Piergili-Fioretti, 
personal communication).  
According to Campbell and Little (1991) these two species of respiratory capillariids have 
been confused, even after the first description of E. boehmi (Supperer 1953), at least until 
the ‘90s. The misdiagnosis between E. aerophilus and E. boehmi contributed to the 
underestimation of the latter. As for the other Trichuridae, the external structure of the 
egg allows identification (Campbell 1991; Chapter 7).  
C. vulpis, also called the fox lungworm, is a metastrongyloid nematode typically found in 
this wild host. The prevalence observed in the present study (15.8%) is consistent with 
findings from other Italian surveys and comparable with many European studies (Table 2, 
Appendix 1). Wide variations in prevalences (5–75%) previously reported for this parasite 
in foxes in other parts of Europe might be explained with differences in the sensitivity of 
dissection method and observer’s experience (Davidson et al. 2006).  
Infection by metastrongyloids of the genus Filaroides were detected in 8 foxes (4.8%). 
Two closely related species, F. hirthi and F. milksi, living in bronchioles and in the lung 
parenchyma of canids are known. A third species, Oslerus oslerus (syn. Filaroides 
oslerus), which lives in parasitic nodules at the bifurcation of the trachea is sometimes 
included in the genus. Adult worms of F. hirthi are 2.3-13 mm in length, adults of F. milksi 
3.5-11 mm in length. Due to the very small size of these nematodes and to the fact that 
they live embedded in the lung parenchima it is very difficult to find intact adults. The few 
intact adult specimens that we found were all females; since the two species differ from 
each other only for slight differences in adult worm size and for male spicule morphology 
and length (Georgi 1979), specific identification was not achieved. Furthermore, the larvae 
of F. hirthi and F. milksi, which are 240-290 microns in length with a kinked tail, are 
morphologically indistinguishable (Conboy 2009; Caro-Vadillo et al. 2005; Spencer et al. 
1985). In fact, the possibility that F. milksi and F. hirthi are not two separate species has 
been hypothesized (Webster 1981; Pence 1978). Detection of Filaroides larvae is best 
achieved by ZnSO4 centrifugal flotation rather than with Baermann method (Conboy et al. 
2009; Georgi et al. 1977). Although these parasites are quite rare they should be 
considered as differential diagnosis in the presence of lungworm larvae (Mc Garry and 
Morgan 2009).  
65 
 
Noteworthy is the absence of filarial infections in the examined foxes. Filarial infections 
have been reported in Italy, mainly from Tuscany (Marconcini et al. 1996). This result 
confirms the rarity of filariosis in Liguria as observed also in dogs in the present study. 
Wild canids seem to be positive for D. immitis only in areas where filarial parasites are 
endemic in dogs (Magi et al 2008a; Gortázar et al. 1994); this fact supports the hypothesis 
that foxes are only epiphenomena in D. immitis epidemiology (Stancampiano et al. 1998). 
Dirofilaria spp. relay upon mosquitoes as vectors in order to complete their life cycle and 
therefore highest prevalence values usually occur in humid temperate areas. Gortázar and 
collaborators (1994) describe significantly different infection rates in foxes from irrigated 
habitats (32.3%) in opposition to foxes from semiarid areas (1.7%); the dry climate of the 
study area of the present work, especially during spring and summer months, could be an 
explanation for the absence of Dirofilaria infections.  
 
4.3.2 Gastric helminths 
In the stomach Spirocerca lupi (23.5 %), Aonchotheca putorii (syn. Capillaria putorii) 
(8.6 %) and Physaloptera spp. (2.5%) were found; all these nematodes are rarely reported 
in foxes in Europe (Table 1 and Table 2, Appendix 1).  
S. lupi develops in parasitic nodules located in the walls of the oesophagus and of the 
stomach of wild canids (foxes, wolves, jackals) and domestic dogs, more frequently in the 
Middle East, China, India, Japan, South America and southern USA (Ferrantelli et al. 
2010). Reports of S. lupi in European red foxes are limited to the Iberic Peninsula (Eira et 
al. 2006; Segovia et al. 2004; Gortázar et al. 1998) and Byelorussia (Shimalov and 
Shimalov 2002). In Italy this parasite was found in foxes in Sardinia (Polidori et al. 1985; 
Leoni et al. 1985) and in Sicily (Ferrantelli et al. 2010). Considering that this nematode 
presents an indirect life cycle in which coprophagous beetles act as intermediate hosts, the 
relatively high prevalence in foxes in the study area may be due to an important amount of 
arthropods in the diet, as suggested by Eira et al. (2006).  
In our study parasitic nodules were found only in the gastric wall and not in the 
oesphagus, which is the classical location in dogs; the localization of nodules exclusively in 
the stomach was also observed by Leoni et al. (1985) and Ferrantelli and collaborators 
(2010), who suggested the occurrence of a deviation in the classical larval migration 
within the fox. Parasitic nodules can degenerate into sarcomas (van der Merwe et al. 
2008). Furthermore during the migration of infective larvae damage to the aorta can 
occur, resulting in aneurysms and thromboembolism (Eira et al. 2006).  
S. lupi has also been described as responsible of zoonotic infections (Biocca 1959).  
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Although in our work S. lupi was not found in dogs, the relatively high prevalence in foxes 
in the study area suggests a potential risk for domestic dogs that have access to 
environment visited by foxes. Since the sensitivity of coprological analysis is quite low 
(26%) the possible occurrence of false negative results in the coprological investigation of 
dogs cannot be ruled out, as seen also by Mylonakis et al. (2001). It is known that this 
parasitic disease was widespread expecially in the South of our country in the past 
(Ferrantelli et al. 2010), however recent reports are infrequent (De Lorenzi and Furlanello 
2010).  
Reports of Physaloptera spp. in Europe are uncommon: P. sibirica was found for the first 
time in Italy in foxes and badgers from Aosta Valley and Piedmont (Ferroglio et al. 2009), 
with a prevalence value in foxes similar to the one found in the present study. This gastric 
parasite had previously been reported only in Spain (Segovia et al. 2004; Miquel et al. 
1996) and in Byelorussia (Shimalov and Shimalov 2002). Two other surveys performed on 
foxes faecal samples reported Physaloptera spp. in South-central Spain (Rodriguez and 
Carbonell 1998) and P. rara in Slovakia (Miterpáková et al. 2009). 
A. putorii (syn. Capillaria putorii) was found both in the stomach and in the intestine and 
will be discussed in the next section. 
 
4.3.3 Intestinal helminthes 
The most prevalent intestinal parasites were cestodes of the genus Mesocestoides (82.4%), 
followed by the nematodes Uncinaria stenocephala (69.7%), Toxascaris leonina (26.7%) 
and Toxocara canis (24.8%). Other cestodes frequently found were those of the Family 
Dilepididae (27.3%), while cestodes of the genus Taenia occurred more rarely (overall 
5.5%). All foxes were negative for Echinoccoccus multilocularis. Multiple intestinal 
infections were frequently observed: the majority of foxes (30.9%) was infected with three 
species of intestinal helminths, followed by two (22.4%), four (18.8%), five (12.1%), one 
(10.3%) and six (1.8%) co-infections. Only 3.6% of animals were negative for intestinal 
helminths infection. 
Nematodes - Uncinaria stenocephala, the dominant intestinal nematode, is a helminth 
species frequently found in the red fox throughout Europe, with prevalence values in 
several epidemiological studies often above 40% (Table 4, Appendix 1). Similar values 
have been found also in Italy (Table 3, Appendix 1). The transmission of the parasite is 
linked to the contamination of the environment by eggs eliminated by positive canids. 
Some aspects of the behaviour of foxes probably favour the high prevalence of U. 
stenocephala in this host: the use of defecation by foxes as signal for territorial marking 
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can favor the dispersion of the eggs in the environment and could be a source of infection 
to receptive hosts (Eira et al. 2006).  
Concerning the comparison between coprological and post mortem examinations, the 
highest value of sensitivity (65%) was observed for U. stenocephala; a similar value was 
found by Wolfe et al. (2001). 
The second most common intestinal nematode was Toxascaris leonina. The prevalence of 
T. leonina in this study was 26.7 %, higher than most of the data reported in the literature 
(Table 3 and Table 4, Appendix 1). It has been suggested that the transmission of T. 
leonina is mainly linked to the ingestion of a paratenic host (small mammals, birds, 
invertebrates) (Reperant et al. 2007). The prevalence observed in the study area could be 
due to presence of these components in the diet of the examined foxes. This hypothesis is 
also supported by the very high prevalence of Mesocestoides spp., which are typically 
linked to a predatory diet.  
Toxocara canis, like U. stenocephala, is one of the most frequently encountered 
nematodes of red foxes in Europe (Table 4, Appendix 1). The prevalence found in this 
study is 24.8%, similar to the value found in Romania (Sikó et al. 2010), in Spain (Segovia 
et al. 2004), in Byelorussia (Shimalov and Shimalov 2002), in Croatia (Rajković-Janje et 
al. 2002) and lower than the values found in most of other Italian studies (Table 3, 
Appendix 1). The transmission of T. canis is mainly linked to transplacental and 
transmammary routes (Casarosa 1980). In the present study 32.4% of the young foxes 
(under one year of age) were infected, whereas only 22.7 % of adult foxes presented this 
nematode. Differences among T. canis prevalences according to sex, although not 
significant in this survey, had already been reported in other studies (Eira et al. 2006; 
Richards et al. 1993). The sensitivity of coprology for this parasite (56%) is low; a similar 
value (47%) was observed by Wolfe et al. (2001). 
T. canis may be responsible for a human syndrome known as visceral (LMV) and ocular 
(LMO) larva migrans that can be particularly serious in children (see Chapter 2). 
Considering the constantly high prevalence of this parasite in foxes in Europe and the fact 
that they do not receive regular antiparasitic treatments unlike most owned dogs, these 
wild canids may represent a source of infection for domestic animals and humans 
(Brochier et al. 2007 and references included). Human infection risk is particularly high in 
parks and gardens in suburban and semirural areas were the interspecific contact rate is 
more frequent (Brochier et al. 2007). Some studies reported high prevalences of T. canis 
in urban foxes (Deplazes et al. 2004; Richards et al. 1993).  
Trichuris vulpis was found in 20.6% of the foxes, a value comparable with the study of 
Sikó and collaborators (2010), Iori and collaborators (1990) and Rossi et al. (1983). Other 
reported values are generally lower than 10% (Table 3 and Table 4, Appendix 1). The mean 
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intensity of ~2 parasites/host agrees with the values reported in the literature, generally 
between 1 and 2 (Di Cerbo et al. 2008; Capelli et al. 2003; Stancampiano et al. 1998). The 
positivity observed for T. vulpis with coprological examination is lower than what 
obtained with the necropsy. In fact, only 6 of the 28 foxes positive for T. vulpis with SCT 
were positive for coprological examination. The sensitivity was only 18%. This low 
sensitivity should be kept in mind when relying exclusively on a coprological diagnosis; 
the real prevalence of this parasite is not easy to estimate without the necroscopic 
examination, also because the eggs of T. vulpis can be confused with those of other 
Trichuridae. The solution used for floatation is very important for the coprological 
detection of T. vulpis, since the eggs of whipworms have a higher specific gravity (1.14) 
than other helminth eggs (Zajac et al. 2002; David and Lindquist 1982). 
Pterygodermatites affinis, Molineus legerae and Aonchotheca putorii, three species of 
intestinal nematodes that are very rarely reported in Italy and in Europe were also found 
in this survey. 
P. affinis (4.8 %) is a typical nematode of carnivores (canids, felids, mustelids, viverrids), 
with an indirect cycle which has not yet been fully elucidated (Anderson 1992). This 
species was reported for the first time in Italy by Iori and Leto (1990) in Lombardy, 
Veneto and Trentino Alto Adige regions. Subsequent reports (Stancampiano et al. 1998; 
Capelli et al. 2003; Manfredi et al. 2003; Di Cerbo et al. 2008) were always from the 
north-east of Italy. In Europe it has been found in foxes only in the Iberian Peninsula 
(Martinez-Carrasco et al. 2007; Eira et al. 2006; Segovia et al. 2004; Gortázar et al. 1998). 
The first finding of M. legerae in Italy is quite recent (Manfredi et al. 2003). The 
nematode was previously reported in foxes in Belgium and in France (Durette-Desset and 
Pesson 1987) and then in Spain (Segovia et al. 2004). Although M. legerae is not 
commonly found in European foxes, its presence should not to be considered exceptional, 
as this species is typically associated with wild carnivores (Manfredi et al. 2003). The 
prevalence reported herein (24.2 %) is higher than the values previously found in (Di 
Cerbo et al. 2008; Segovia et al. 2004; Manfredi et al. 2003). As observed for P. affinis, 
the geographical distribution of this species in Italy had so far been confined to north-
eastern districts; the discovery of M. legerae in foxes from north-western Italy suggests 
that the distribution of these parasites may extend to the whole Alpine region. 
A. putorii was found in the stomach and in the intestine with an overall prevalence of 
10.9%. This Trichuridae nematode typically infects mustelids, although it has also been 
found in other wild and domestic hosts (Segovia et al. 2004). It was reported for the first 
time in Italy by Iori and collaborators (1990) in foxes of Trentino and Latium regions, with 
prevalence values of 3.4% and 1.1% respectively. Prevalence values in Italian studies vary 
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from 0.5% to 17.1% (Table 3, Appendix 1), those reported in European studies are lower 
than 6% (Table 4, Appendix 1).  
 
Cestodes - E. multilocularis was never found in the study area with the Sedimentation 
and Counting Technique (S.C.T.), the gold standard for O.I.E; however, considering the 
low prevalence of this parasite in non-endemic areas, the number of subjects examined is 
too low to rule out with certainty the presence of the parasite. So far E. multilocularis in 
Italy remains limited to some cases in the Trentino Alto Adige region (Casulli et al. 2005; 
Manfredi et al. 2002). E. granulosus was also not found. 
Mesocestoides spp. were found to be the most prevalent and abundant cestodes and the 
dominant intestinal helminthes in the study area. These cestodes are commonly found in 
European foxes, but frequency values vary markedly among study areas (Eira et al. 2006). 
The high prevalence found in our work (82.4 %) is comparable with the studies of Borecka 
et al. (2009) in Poland, of Gortázar et al. (1998) in Spain, of Papadopoulos et al. (1997) in 
Greece and is very similar to the value (84.6%) detected in Serra da Malcata (Portugal) by 
Segovia et al. (2004), who also found a high intensity of the parasite (see also Table 4, 
Appendix 1). Interestingly, the distribution of the species does not adjust to a negative 
binomial distribution, as seen also by Sikó et al. 2010.  
The mean intensity of the infection was ~54, in agreement with Guberti and Poglayen 
(1991) (44), higher than Capelli et al. 2003 (24.6) and Di Cerbo et al. 2008 (23.3). 
Mesocestoides spp. present a high degree of phenotypic variability: according to Jančev 
(1986), the two species of Mesocestoides more commonly reported in Europe, M. 
litteratus and M. lineatus, may be differentiated morphologically by subtle differences in 
the cirrus sac, testes number and position of ovaries and vitellaria. However, such 
differences require careful, time-consuming microscopic examination of stained and 
mounted specimens, that as not been completed yet (Hrčkova et al. 2011).  
The complete life cycle of Mesocestoides spp. is not fully elucidated. Orabatid mites 
probably act as first intermediate hosts, while reptiles, amphibians, birds and small 
mammals are second intermediate hosts. All of these vertebrates are potential preys of the 
fox. The high prevalence found herein suggests an important predatory component in the 
diet of the examined foxes.  
Dogs and cats can serve as both definitive and intermediate hosts: infections of domestic 
carnivores with Mesocestoides metacetodes are a rather uncommon but probably under-
diagnosed finding, usually casually reported at necropsy or during surgical operations 
(Hrčkova et al. 2010; Eleni et al. 2007 and references therein; Bonfanti et al. 2004). 
Mesocestoides spp. have a zoonotic potential: at least 27 human cases have been reported 
to date, in Japan, China, Korea, United States, Ruanda and Greenland, due to 
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consumption of raw or undercooked snakes or chicken and wild game viscera (Fuentes et 
al. 2003; Keeseon et al. 1992). 
Cestodes belonging to the family Dilepididae were here seen with an overall prevalence of 
27.3%. Based on the morphological and morphometrical analysis of the scolex and of the 
proglottids, most of Dilepididae were identified as Joyeuxiella spp. Dipylidium caninum 
was never found. This species can be distinguished from the other dilepidid species by the 
typical egg capsules containing up to 30 eggs, while egg caspules of the other species 
contain a single egg (Euzéby 1961). A similar result was observed by Segovia et al. (2004) 
who found 3 different species of Dilepididae but not D. caninum.  
Cestodes of the family Taenidae were the less frequent and less abundant cestodes. Taenia 
pisiformis (1.2%), T. polyachanta (1.2%) and some unidentified Taenia species spp. (3%) 
were found. The presence of T. pisiformis and T. polyachanta suggests that lagomorphs 
such as hares and rabbits, which serve as intermediate hosts, are part of the diet of the 
examined foxes. Both these taeniid species have been repeatedly found in foxes in Europe 
(Table 4, Appendix 1). 
 
Trematodes - Trematodes were found only in one fox. Specimens were identified as 
belonging to the family Plagiorchidae, but it was not possible to achieve specific 
identification due to their bad state of conservation. Intestinal flukes in foxes are rare in 
Italy and had beeb reported only by Di Cerbo et al. (2008) and Manfredi et al (2003). 
 
4.3.4 Urinary tract helminths 
Pearsonema plica (syn. Capillaria plica) is a cosmopolitan parasite of the Trichuridae 
family, found in the urinary bladder and in the lower urinary tract of foxes, dogs and cats. 
To our knowledge, this parasite was found in foxes in Italy more than 20 years ago (Iori et 
al. 1990), then recently in a cat (Rossi et al. 2011) and in a dog associated with glomerular 
amyloidosis (Callegari et al. 2010). Our results confirm the presence of this parasite in our 
country, with prevalence values in agreement with other European studies (Table 2, 
Appendix 1). The mean intensity (5.5) found is comparable with the results of Saeed et al. 
(2006) (4.9). 
P. plica infection can cause severe cystitis with haematuria and eventually pyelonephritis 
due to secondary bacterial infection, both in pets (Bork-Mimm and Rinder 2011) and in 
foxes (Fernández-Aguilar et al. 2010). Prevalence data for domestic animals are unknown, 
since urine analysis is conducted only for symptomatic subjects. Moreover, in faeces 
contaminated with urine, the eggs of P. plica may be confused with eggs of other 
Trichuridae.  
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4.3.5 Liver helminthes 
All foxes for Liguria were negative. A subject from Cuneo (Piedmont) was infected by 
Calodium hepaticum (syn. Capillaria hepatica). Due to the different geographical origin 
this animal was not included in the epidemiological analysis, however C. hepaticum eggs 
were used for SEM (Chapter 7 and Macchioni et al in press, Appendix 3) and for 
biomolecular analysis (Chapter 8). 
 
4.3.6 Trichinella spp. 
Examinations for Trichinella spp., performed by the IZS of Imperia, were negative. The 
fox can infect humans indirectly, through the transmission to wild boars or, more rarely, 
directly in the case of consumption of its meat (Magi et al. 2008b). Some positive cases 
have been reported previously in the study area: Rossi et al. (1992) found Trichinella 
britovi in the province of Imperia, with a prevalence of 5.5% in foxes and a positive wild 
boar out of 7142 examined. Furthermore, Balbo and Rossi (1992) found 2.2% of positive 
foxes out of 1143 subjects from the neighbouring region of Piedmont, where a severe 
human infection due to wild boar meat consumption occurred in the wife of a hunter 
(Romano et al. 2011). The importance of epidemiological surveillance for this zoonotic 
parasite should not be disregarded, as shown also by the latest human cases outbreak in 
Tuscany during winter 2013. 
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5. EPIDEMIOLOGICAL SURVEY 
ON DOGS 
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5.1 MATERIALS AND METHODS 
 
5.1.1 Sampling 
A total of 450 dogs (260 males and 190 females) were enrolled in the study. All sampled 
dogs lived in rural or semirural environments in the districts of Imperia (n = 369) and in 
the bordering district of Savona (n = 103), Liguria region, northwest Italy. Only dogs 
which had not received any anthelminthic treatment for at least 4 months before the 
sampling were included in the study. Of the 450 dogs, 344 were hunting dogs (294 wild 
boar hunting and 50 bird hunting), 92 dogs were sampled in 5 different kennels of the 
study area and 14 were pet dogs. For each dog at least one faecal sample was collected, 
together with a blood sample. Sex, age, breed, lifestyle, geographical origin, 
indoor/outdoor night status, date and type of last anti-parasitic drug used were registered. 
A questionnaire form was designed to record these data. The animals were classified into 3 
age classes: under 1 year of age (n = 57), between 1 and 7 years (n = 269) and older than 7 
years (n = 124). 
The minimum sample size in order to have a probability of at least 95% (99%) to find at 
least one infected dog in the sample was calculated to be 298 (458) dogs, considering a 
prevalence of a determined parasite to be around 1% (e.g. Angiostrongylus vasorum).  
 
5.1.2 Parasitological examination 
The following examinations were performed: 
a. Coprological examination with flotation in centrifuge  
b. Baermann’s method for lungworms larvae 
c. Modified Knott’s test for blood circulating microfilariae  
d. Histochemical staining for microfilariae (Barka technique) 
e. PCR for microfilariae identification 
f. Serological detection of Dirofilaria immitis 
 
a. Coprological examination with flotation in centrifuge 
Flotation in centrifuge was performed with 50% zinc sulphate (s.g. 1.350) as flotation 
solution, as described above for the examination of fox faecal samples. For each dog at 
least one faecal sample was examined. 
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b. Baermann’s method for lungworms larvae  
Dog faecal samples were also analyzed with the Baermann’s technique for the detection of 
lung nematode larvae. Briefly, the technique is based on the active migration or movement 
of larvae: faeces (~5 g) are either wrapped in a double layer of cheesecloth/dental napkin, 
or put on a small mesh net, then suspended in water inside a funnel. A short rubber tube 
closed with a clamp is attached to the bottom of the funnel. The larvae move into the 
water, sink to the bottom, then by opening the clamp they can be collected for microscopic 
identification. 
 
c. Knott test for blood circulating microfilariae 
The modified Knott test was applied to detected blood circulating microfilariae. The test 
was carried out by mixing 1 ml of whole blood with 9 ml of 2% formalin in a 10 ml tube. 
The sample was then centrifuged for 10 minutes at 3000 rpm. The excess was poured off, 
leaving ~ 1 ml of sediment. The sediment was then resuspended and drops (~ 20 µl) were 
placed on a glass slide and sealed with a cover glass to allow microscopic examination. 
Microfilariae were identified on the basis of length and width measurement. 
 
d. Histochemical staining (Barka technique) 
Samples positive for microfilariae were additionally stained following the Barka technique 
as described by Chalifoux and Hunt (1971), to highlight the pattern of acid phosphatase 
activity which is characteristic of each species. 
 
e. PCR for microfilariae identification 
To further confirm the identification, samples which were positive for the Knott’s test were 
also subjected to biomolecular analysis. The PCR protocol described by Rishniw et al. 
(2006) was followed using EDTA blood as source material. 
 
f. Serological detection of Dirofilaria immitis 
A heartworm antigen test (DiroCHEK®, Synbiotics) was carried out to detect cases of 
occult filariosis, following the manufacturer’s instructions. 
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5.1.3 Statistical analysis 
Prevalence values with 95% confidence interval (CI) were calculated. Multiple infections 
were also described. Pearson’s chi squared test or, when required, Fisher’s exact test were 
carried out in order to compare the prevalences of the parasites between male and female 
dogs, among age classes and groups of different lifestyles (hunting and kennel dogs). 
Significance of the tests was reached for P values less than 0.05. Multivariate logistic 
regression with positivity to parasites as dependent variable was carried out taking as 
covariates gende, age and lifestyle.The analysis was carried out using Excel 2007 for 
Windows (Microsoft Corporation, Redmond, USA) and R 2.8.1 (R Development Core 
Team, 2008). 
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5.2 RESULTS 
 
a. Coprological examinations with flotation in centrifuge 
Results of the copromicroscopic examination of 450 dogs are shown in Table 17. The 
overall prevalence values of cardiopulmonary or intestinal parasites were also considered. 
Table 18 shows the results in relation to dogs’ age. A statistical difference was found for 
the overall prevalence of cardiopulmonary parasites, for Eucoleus aerophilus and for 
Toxascaris leonina: young dogs (under 1 year of age) were more frequently infected. Table 
19 shows the results in relation to the gender: a statistically significant difference was 
observed only for E. aerophilus. In Table 20 the results are shown in relation to different 
groups: two groups were considered, hunting and kennel dogs. Pet dogs were excluded 
due to the low number involved in the study. Models of multivariate regression analysis 
with positivity to parasitic infection were constructed considering gender, age classes and 
dog lifestyle. Best models were obtained dropping the non significant covariates 
(backward elimination); the results with the P value of the significant variables are 
collected in Table 21. In Fig. 9 multiple infections detected with flotation are describe in 
details.  
 
Table 17 Results of copromicroscopic examination with flotation in centrifuge of faecal samples of 
450 dogs 
Coproscopy with flotation (450 dogs) n. pos P% (95% CI) 
Toxocara canis 90 20.00 (16.30-23.70) 
Trichuris vulpis 80 17.78 (14.25–21.31) 
Ancylostomatidae 53 12.00 (9.00–15.00) 
Eucoleus aerophilus 43 9.56 (6.84–12.27) 
Coccidia 12 2.67 (1.18–4.16) 
Capillaria spp. 8 1.78 (0.56–3.00) 
Toxascaris leonina 8 1.78 (0.56–3.00) 
Eucoleus boehmi 7 1.56 (0.41-2.70) 
Hymenolepis diminuta 5 1.12 (0.14-2.08) 
Angiostrongylus vaso rum 3 0.67 (0–1.42) 
Crenosoma vulpis 1 0.22 (0–0.66) 
Dipylidium caninum 1 0.22 (0–0.66) 
Physaloptera spp. 1 0.22 (0–0.66) 
Total number of dogs positive for cardiorespiratory parasites 52 11.56 (8.56-14.51) 
Total number of dogs positive for gastrointestinal parasites 182 40.44 (35.91-45.97) 
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Table 18 Results of copromicroscopic examination with flotation of 450 faecal samples of dogs in 
relation to age classes with the P values of chi squared test or Fisher test used to compare 
prevalences  
Parasites n.  pos 
≤1 year 
(n=57) 
1-7 years 
(n=269) 
≥ 7 years 
(n=124) P value 
pos P% pos P% pos P% 
Cardiorespiratory 
parasites 52 14 24.56 26 9.67 12 9.68 0.005** 
Eucoleus aerophilus 43 12 21.05 23 8.55 8 6.45 0.005** 
Eucoleus boehmi 7 2 3.51 2 0.74 3 2.42 0.096 
Angiostrongylus vasorum 3 0 0 1 0.37 2 1.61 0.355 
Crenosoma vulpis 1 0 0 1 0.37 0 0 1.000 
Intestinal parasites 182 29 50.88 110 40.89 43 34.68 0.116 
Toxocara canis 90 13 22.81 53 19.70 24 19.35 0.849 
Trichuris vulpis 80 13 22.81 53 19.70 14 11.29 0.073 
Hookworms 54 12 21.05 31 11.52 11 8.87 0.060 
Coccidia 12 3 5.26 6 2.23 3 2.42 0.434 
Toxascaris leonina 8 4 7.02 4 1.49 0 0 0.009** 
Capillaria spp. 8 0 0 5 1.86 3 2, 0.590 
Hymenolepis diminuta 5 1 1.75 1 0.37 3 2.42 -- 
Dipylidium caninum 1 0 0 1 0.37 0 0 -- 
Physaloptera spp. 1 0 0 1 0.37 0 0 -- 
 
 
Table 19 Results of copromicroscopic examination with flotation of 450 faecal samples of dogs in 
relation to gender with the P values of chi squared test or Fisher test used to compare prevalences  
Parasites n.  pos 
F (n=190) M (n=260) P 
value pos P% pos P% 
Cardiorespiratory parasites 52 27 14.21 25 9.62 0.132 
Eucoleus aerophilus 43 25 13.16 18 6.92 0.026* 
Eucoleus boehmi 7 1 0.53 6 2.31 0.247 
Angiostrongylus vasorum 3 1 0.53 2 0.77 1.000 
Crenosoma vulpis 1 1 0.53 0 0 0.422 
Intestinal parasites 182 27 14.21 25 9.62 0.132 
Toxocara canis 90 36 18.95 54 20.77 0.633 
Trichuris vulpis 80 32 16.84 48 18.46 0.657 
Ancylostomatidae 54 26 13.68 28 10.77 0.347 
Coccidia 12 4 2.11 8 3.08 0.527 
Toxascaris leonina 8 3 1.58 5 1.92 1.000 
Capillaria spp. 8 4 2.11 8 3,08 0.726 
Hymenolepis diminuta 5 4 2.11 1 0.38 -- 
Dipylidium caninum 1 1 0.53 0 0.00 -- 
Physaloptera spp. 1 0 0 1 0.38 -- 
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Table 20 Results of copromicroscopic examination with flotation of faecal samples of dogs in 
relation to life style with the P values of chi squared test or Fisher test used to compare prevalences  
Parasites n.  pos 
kennel dogs (n=92) hunting dogs (n=344) P 
Value pos P% pos P% 
Cardiorespiratory parasites 52 6 6.52 46 13.37 0.07173 
Eucoleus aerophilus 43 0 0 43 12.50 0.0003** 
Eucoleus boehmi 7 5 5.43 2 0.58 0.0010** 
Angiostrongylus vasorum 3 1 1.08 2 0.58 0.6023 
Crenosoma vulpis 1 0 0 1 0.29 0.6046 
Intestinal parasites 178 36 39.13 142 41.28 0.7096 
Toxocara canis 88 8 8.69 80 23.26 0.0019** 
Trichuris vulpis 80 29 31.52 51 14.83 0.0002** 
Ancylostomatidae 52 1 1.08 51 14.83 0.0003** 
Coccidia 12 3 3.26 9 2.62 0.9048 
Toxascaris leonina 8 0 0 8 2.33 0.1399 
Capillaria spp. 8 0 0 8 2.33 0.1399 
Hymenolepis diminuta 4 1 1.89 3 0.87 -- 
Dipylidium caninum 1 0 0 1 0.29 -- 
Physaloptera spp. 1 0 0 1 0.29 -- 
 
Table 21 Best models of multivariate logistic regression with positivity to parasite infection as 
dependent variable and P values of the significant covariates 
 
Gender Age classes Dog’s lifestyle 
Infection M vs F young vs old adult vs old hunting vs kennel 
Cardiorespiratory parasites Ns 0.00157 ** Ns Ns 
Eucoleus aerophilus Ns 0.0154 * Ns 0.0121* 
Toxocara canis Ns ns Ns 0.0027 ** 
Trichuris vulpis Ns 0.008614 ** 0.015486 * 0.000612 *** 
Ancylostomatidae Ns ns Ns 0.00313 ** 
 
 
b. Baermann technique for lungworms larvae  
The results of the Baermann technique on faecal samples of 450 dogs are shown in Tab. 
22. A total of 4 dogs were positive for lungworms larvae.  
 
Table 22 Results of the Baermann technique on fecal samples of dogs 
Baermann method (450 dogs) n pos P% (95% CI) 
Angiostrongylus vaso rum 3 0.67 (0.00–1.42) 
Crenosoma vulpis 1 0.22 (0.00–0.66) 
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c. Knott test for blood circulating microfilariae  
The results of the Knott test performed on blood samples collected from 365 dogs are 
shown in Table 23. A total of 35 dogs tested positive for Knott test (9.6%, 95% CI 6.6 – 
12.6%). A double infection by Dirofilaria repens and Acanthocheilonema reconditum was 
observed. All the morphological identifications were confirmed by histochemical staining 
and/or PCR. The prevalences of filarial infections in relation to age classes and sex are 
shown in Table 24 and Table 25 respectively.  
 
Table 23 Results of examination of 365 dogs with Knott test  
Knott test (365 dogs) n. pos P% (95% CI) 
Overall microfilaremia 35 9.59 (6.57–12.61) 
Dirofilaria immitis 2 0.55 (0–1.31) 
Dirofilaria repens 5 1.37 (0.18–2.56) 
Acanthocheilonema reconditum 29 7.95 (5.17–10.72) 
 
Table 24 Results of examination with Knott test of blood samples of 365 dogs in relation to age 
classes with the P values of chi squared test or Fisher test used to compare prevalences  
Knott test (365 dogs) n. pos 
≤1 year 
 (n = 55) 
1-7 years 
(n = 214) 
≥ 7 years 
(n = 96) P 
value pos P% pos P% pos P% 
Overall microfilaremia 35 3 5.45 21 9.81 11 11.46 0.4761 
Dirofilaria immitis 2 0 0 2 0.93 0 0 1 
Dirofilaria repens 5 0 0 3 1.40 2 2.08 0.6828 
Acanthocheilonema reconditum 29 3 5.45 17 7.94 9 9.38 0.6923 
 
Table 25 Results of examination with Knott test of blood samples of 365 dogs in relation to gender 
with the P values of chi squared test or Fisher test used to compare prevalences  
Knott test (365 dogs) n. pos F (n=171) M (n=194) P value pos P% pos P% 
Overall microfilaremia 35 6 3.51 29 14.95 0.0002** 
Dirofilaria immitis 2 2 1.17 0 0 0.2188 
Dirofilaria repens 5 0 0 5 2.58 0.0632 
Acanthocheilonema reconditum 29 4 2.34 25 12.89 0.0002** 
 
d. Serological detection of Dirofilaria immitis 
A total of 5 dogs out of 365 (prevalence 1.37%, 95% CI 0.18-2.56%) resulted positive for 
the ELISA test for D. immitis. Of these, 2 presented also microfilariae of D. immitis, while 
3 were cases of occult filariosis.  
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Fig. 9 Multiple infections detected with flotation. In the first column on the left the frequencies of 
each type of multiple infection are shown. 
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5.3 DISCUSSION 
 
Recent parasitological surveys on dogs and cats have indicated that the prevalence of 
intestinal helminths has declined over the last 20 years in the developed world (Robertson 
et al. 2000), while an increasing number of cases of extraintestinal parasites, mainly 
cardiorespiratory nematodes, has been described (e.g. Di Cesare at al. 2011; Callegari et al. 
2010; Caro-Vadillo et al. 2005; Staebler et al. 2005; Unterer et al. 2002). Many 
epidemiological surveys and reports have shown that these parasites are more common 
than previously thought, suggesting a potential underestimation of extraintestinal species, 
or, in some cases, the expansion of their geographical range (Genchi et al. 2011; Conboy 
2009).  
In this study a considerable number of extraintestinal species in dogs was found, with an 
overall prevalence of positive dogs of nearly 12%, while the prevalence of canine intestinal 
species was 40.5%. 
 
5.3.1 Cardiorespiratory parasites  
Metastrongyloids – Although the prevalence of A. vasorum in foxes in the study area 
was high (78.2%), only 3 cases out of 450 examined dogs were found positive for larvae of 
this parasite by feacal examinations (0.67%). This fact could be due to the low palatability 
for dogs of the intermediate hosts of A. vasorum (mainly slugs and snails), and partially 
also to limitations of the coprological diagnosis. The current elective diagnostic method is 
the detection of larve L1 in faeces, applying larval migration techniques such as the 
Baermann method. Coprological methods have rather low sensitivity, due to intermittent 
larval excretion and in case of low parasite burden or of prepatent period (Taubert et al. 
2009; Oliveira-Junior et al. 2006). In fact, when testing a subset of serum samples 
(n=347) with the ELISA tests for A. vasorum antigens and antibodies, a higher prevalence 
was found (0.3% with Baermann method, 0.6% with the ELISA tests) (Guardone et al. 
2013, Appendix 3).  
The prevalence values reported in Europe in surveys conducted by copromicroscopic 
examinations show high variations depending on whether the examined dogs presented 
clinical signs compatible with A. vasorum infections or not: dogs with clinical signs 
showed prevalences as high as 15% (Morgan et al. 2010), while apparently healthy dogs 
had lower prevalences, similar to our findings (0.1-1.1%) (Barutzki and Schaper 2003, 
Papazahriadou et al. 2007, respectively).  
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The observed higher prevalence of A. vasorum in foxes in Europe with respect to dogs 
(Koch and Willesen 2009), suggests that canine angiostrongylosis appears as an 
epiphenomenon of the cycle “gasteropoda-fox” (Bolt et al. 1994) and that A. vasorum is a 
common parasite among wild canids, from which it is transmitted only occasionally to the 
dog population (Eckert and Lämmler 1972). 
The present study updates the epidemiology of A. vasorum in north-west Italy. Clinical 
cases have been described in a dog with respiratory distress in Tuscany (Della Santa et al. 
2002), in two dogs with severe respiratory signs in Abruzzo (Traversa et al. 2008), in a 
one dog in Apulia (Sasanelli et al. 2008) and in a fatal case in Campania (Rinaldi et al. 
2010). Very recently new cases have been described (Riggio et al. 2013; Capogna et al. 
2012; Meloni and Venco 2012; Sanna et al. 2012; Lepri et al. 2011) and epidemiological 
surveys have been conducted (Rinaldi et al. 2012; Traversa et al. 2012; Di Cesare et al. 
2011; Tieri et al. 2011; Scaramozzino et al. 2008), however, these data concern mainly 
central Italy (see also Fig. 1 in Guardone et al. 2013, Appendix 3). The nematode can be 
responsible for severe cardiorespiratory symptoms, more rarely for coagulopathies and 
neurological signs and it is potentially lethal (Traversa et al. 2008; Yamakawa et al. 2009). 
Notwithstanding this high clinical impact, appropriate anthelmintic treatment is most 
often successful (Della Santa et al. 2002). Clinicians should be aware of the possible 
occurrence of canine angiostrongylosis, considering the wide range of clinical symptoms, 
the potential severe disease caused by A. vasorum and the fact that the parasite is clearly 
present across a large part of Europe. 
C. vulpis was found in our study only in one dog (0.2%). This species, endemic in the red 
fox in Europe and North America, appears to be rarer in dogs. The first report in a 
domestic dog occurred in Great Britain (Cobb and Fisher 1992), followed by a few cases in 
Ireland (Reilly et al. 2000), Switzerland (Unterer et al. 2002) and Germany (Barutzki and 
Schaper 2003); the prevalence found in this study is similar to the value found in the 
survey conducted in Germany. In Italy C. vulpis was reported for the first time in a dog in 
Campania by Rinaldi et al. (2007) and it has recently been found in kennels (18.4% of 
examined kennels) in the same region (Rinaldi et al. 2012). C. vulpis lives in the trachea, 
bronchi and bronchioles. The cycle is similar to the one of A. vasorum; canids are infect by 
the ingestion of gastropods (intermediate hosts). Crenosomiasis is a potential important 
cause of respiratory disease in dogs, consisting mainly of chronic cough; it should be 
considered in differential diagnosis of respiratory distress (Conboy 2004). 
As for A. vasorum, the diagnosis is primarily achieved by detection of first-stage larvae in 
faeces by Baermann examination, ZnSO4 centrifugal flotation, or FLOTAC device; L1s can 
be recognized by their size (250-340 µm in length and 16-22 µm in width) and their 
straight tail (Mc Garry and Morgan 2009). However, as for other metastrongyloid 
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infections, false negative results can occur, due to the intermittent faecal larval shedding 
(Conboy 2009; Rinaldi et al. 2007). Recently more sensible serological techniques have 
been proposed (Conboy and Markham 2012).  
 
Trichuridae nematodes – Respiratory capillariosis by E. aerophilus and E. boehmi are 
considered sporadic in pets although the results of many studies in Italy and in other 
countries suggest that the presence of these two nematodes in domestic animals is most 
likely underestimated (Clark et al. 2013; Riggio et al. 2013; Veronesi et al. 2013; Di Cesare 
et al. 2011; Madeira de Carvalho et al. 2009; Burgess et al. 2008; Barrs et al 2000). This 
fact could be due to some difficulties in coprological diagnosis, since eggs of E. aerophilus 
and of E. boehmi, without a careful morphometrical and morphological analysis, can be 
confused with those of the better known intestinal Trichuris vulpis. E. aerophilus eggs 
measure 60-72 x 26-34 µm, have a net-like outer layer and are entirely filled by one- or 
two-cell embryo [Fig. 22, Appendix 2]. E. boehmi eggs (54-60 × 30-35 µm) are slightly 
smaller than E. aerophilus eggs, contain a multicellular embryo that usually does not 
entirely fill the egg and have a surface marked by delicate pits [Fig. 24, Appendix 2] 
(Campbell 1991). One of the most reliable distinctive characteristic is the external 
structure of the shell (Zarnowsky and Patyk 1960), which is particularly well appreciable 
with SEM (Chapter 7; Magi et al. 2012a, Appendix 3 and Traversa et al. 2011). 
In this study E. aerophilus was found in dogs with a prevalence of 9.56 %, slightly higher 
than the values reported by Traversa et al. (2009) and Di Cesare et al. (2010) in the south 
of Italy. Most infections by E. aerophilus in pets are subclinical, but this parasite can cause 
tracheo-bronchitis with sneezing, chronic moist or dry cough and heavy parasite burdens 
can be lethal (Laloševic et al. 2013).  
The finding of E. boehmi in the study area represents one of the first reports of this 
parasite in Italy (Veronesi et al. 2013; De Liberato et al. 2009). Interestingly, the 
prevalence of E. boehmi in kennel dogs of this survey is 5.43%, similar to the value of 6.8% 
found by De Liberato et al. (2009).  
The life cycle and routes of transmission of this parasite are unclear (Conboy 2009; 
Campbell and Little 1991). As for other capillariids it is uncertain if earthworms may act as 
paratenic or intermediate hosts, however, the higher prevalence of E. boehmi in situations 
of high density such as kennels, observed also in our study, support the hypothesis of a 
direct transmission. 
To the best of the authors’ knowledge, reports of nasal capillariosis in European dogs have 
been found only in Poland (Zarnowsky and Patyk 1960; Gajewska et al. 2004) and in Italy 
(Veronesi et al. 2013; De Liberato et al. 2009). A few more infections have been reported 
in North America (Baan et al. 2011; Piperisova et al. 2010; Schoning et al. 1993; Campbell 
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and Little 1991). Concerning the clinical aspects, the most common sign is nasal scolum, 
but asymptomatic infections often occur; only one infected dog in this study showed mild 
respiratory symptoms (nasal discharge and cough during exercise). Interestingly, E. 
boehmi has been recently found as the cause of a chronic meningoencephalitis miming a 
meningioma in a dog in USA, probable consequence of aberrant migration from the nasal 
cavities (Clark et al. 2013).  
 
Filarial nematodes - The total prevalence of blood microfilariae in the examined dogs 
was 9.6%. Acanthocheilonema reconditum was the most prevalent species (prevalence 
7.9%), while Dirofilaria repens (1.4%) and Dirofilaria immitis (0.5% and 1.4% with Knott 
test and ELISA test respectively) were less common. The presence of these parasites in the 
study area shows that the distribution of filariosis in Italy has widened from the latest 
review (Pietrobelli 2010). Liguria has traditionally been considered a region free from 
filariosis (see e.g. Otranto and Dantas-Torres 2010). In fact, filarial infections had 
previously been found only by Pampiglione et al. (1986), who reported the occurrence of 
unidentified blood microfilariae and by Scarzi (1995), who reported a case of D. repens in 
a dog from Genova.  
Filarial infections have shown latetly an expanding trend in Italy and in Europe (Genchi et 
al. 2011; Otranto et al. 2009). The increase may be accounted by the changing of climatic 
and environmental conditions (global warming) and by the diffusion of mosquito species 
suitable vectors of dirofilariae, such as Aedes albopictus (Genchi et al. 2009; Cancrini et 
al. 2006). Furthermore, the increased movement of dogs may play a determinant role 
(Deplazes et al. 2011).  
A. reconditum, the dominant filarial species in this study, is transmitted by fleas and has a 
worldwide distribution (Quinn et al. 1997). In Europe it has been reported in Serbia 
(Tasic´ et al. 2008), in Spain (Aranda et al. 1998), in Greece (Vakalis and Himonas 1997) 
and in Austria (Hinaidy et al. 1987). In Italy its presence is reported with variable 
prevalences in various regions (Table 5, Appendix 1), but more frequently in the south 
(Brianti et al. 2012; Cringoli et al. 2001). The prevalence found for this species in Liguria is 
very close to the value of 7.4% found by Scala et al. (2004) in Sardinia. 
Concerning diagnosis, the species identifications achieved with the modified Knott’s 
technique were all confirmed by the acid phosphatase histochemical staining and by PCR. 
These results highlight the validity of Knott method in recognizing the species. More 
details regarding this technique can be found in Magnis et al. (2013), in Appendix 3. 
Specific identification of filarial species is essential for an accurate diagnosis and for 
choosing the appropriate treatment. 
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5.3.2 Gastrointestinal parasites 
The overall prevalence of intestinal parasites in dogs from Imperia and Savona districts 
was 40.4%.  
Nematodes - Toxocara canis (overall prevalence 20%), Trichuris vulpis (17.8%) and 
Ancylostomatidae (12%) were the most prevalent species in dogs in this survey. Their 
presence in the study area is not surprising, since these intestinal nematodes are 
frequently found in dogs in Europe (see Claerebout et al. 2009 and references therein). A 
comparison can be made between the results on kennel dogs in analogous studies: similar 
prevalences were observed in kennels in Northern Italy (Capelli et al. 2006) and in 
Belgium (Vanparijs et al. 1991), while the prevalcences for these species in hunting dogs in 
our study were higher than the values found by Papazahariadou et al. (2007) in hunting 
dogs in Greece. The prevalences of T. canis and of Ancylostomatidae were significantly 
higher in hunting dogs, while the prevalence of T. vulpis was significantly higher in kennel 
dogs. In shelters, the large number of animals in a limited space contributes to the 
propagation of the latter, thereby increasing the risk of infection.  
Toxascaris leonina is rarer in dogs, most likely because the transmission occurs mainly 
with the ingestion of third stage larvae (L3) in infected paratenic hosts. The positive cases 
in this study (8) were found only in hunting dogs, which are more likely to ingest paratenic 
hosts (however the difference was not statistically significant). The prevalence of these 
nematodes in Liguria adds to the data reported by other authors in other Italian regions 
(such as Riggio et al. 2013; Cocco et al. 2012; Frangipane di Regalbono 2012a,b; Napoli et 
al. 2012; Zanzani. et al 2010; Rinaldi et al 2006; Perrucci. et al 2001; Poglayen et al 2000). 
In 8 hunting dogs capillariid eggs similar to A. putorii were found. The presence of this 
parasite in dogs has not been reported before in Italy, however its presence in the foxes in 
the same area and the broad host range of the parasite suggests that it could be present 
also in dogs. SEM and biomolecular analysis are still ungoing for this trichuroid. 
Physaloptera spp. was found in the faecal examination of one hunting dog. Physaloptera 
spp. have been rarely reported in domestic canids as responsible of gastric disease 
(Burrows 1983). Reports concern mainly Middle East and South America (Theisen et al. 
1998; Clark 1990), however, the presence of the parasite in foxes in the same area may be 
the source of infection of the hunting dog.  
 
Cestodes - As widely recognized, coprological flotation is a technique with low sensibility 
for the diagnosis of cestodes; the only cestodes found in dogs in this survey were 
Hymenolepis diminuta in 5 dogs (1.12%) and Dipylidium caninum in 1 dog (0.22%). D. 
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caninum is a typical flea-borne cestode frequently in found domestic carnivores, while the 
presence of H. diminuta is peculiar (see Guardone et al. 2010, Appendix 3).  
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6. SEROLOGICAL DIAGNOSIS OF 
Angiostrongylus vasorum 
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See Manuscript A, Appendix 3 
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7. SCANNING ELECTRON 
MICROSCOPY (SEM) OF EGGS OF 
TRICHURIDAE NEMATODES  
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See Manuscript B, Manuscript C and Manuscript F in Appendix 3 
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8. RIBOSOMAL AND 
MITOCHONDRIAL DNA ANALYSIS 
OF TRICHURIDAE NEMATODES  
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8.1 MATERIALS AND METHODS 
 
8.1.1 Origin of parasite material 
The source of parasitic material is shown in detail in Table 26. Species were identified on 
the basis of their localization in the host and following morphological keys (Moravec 
2000; Campbell 1991; Skrjabin et al. 1957; Supperer, 1953). Briefly, adult worms of E. 
aerophilus, E. boehmi, P. plica, A. putorii and T. vulpis were obtained from foxes 
carcasses collected in northwest Italy and in Switzerland. After microscopic identification, 
individual worms were washed in distilled water and stored in 70°C alcohol. Eggs of C. 
hepaticum were obtained from the liver parenchyma of one fox (Macchioni et al. in press) 
and one vole (Arvicola terrestris) (Reperant et al. 2009). Eggs of C. splenaecum, which 
differ morphologically from C. hepaticum eggs, were obtained from the spleen of a 
Crocidura sp. from the city of Zurich. Eggs of E.boehmi were isolated from the faeces of 
two Italian dogs using a combination of flotation and sieving as described in Mathis et al. 
(1996). Briefly, 2 g of faeces were mixed with 8 ml of zinc chloride flotation solution 
(specific gravity 1.45), homogenized by vortexing and centrifuged (400xg, 30 min). The 
supernatant was poured through a nylon net (mesh size 20 µm) and, after inverting the 
sieve, the retained material was washed with distilled water and collected in a Petri dish 
for microscopic examination. Eggs were collected with a pipette under an inverted 
microscope and stored frozen in a 1.5 ml Eppendorf tube.  
 
8.1.2 DNA isolation from adult worms and eggs 
Individual worms were washed 2-3 times in PBS and transferred to 1.5 ml Eppendorf 
tubes containing 20-40 µl of PBS. After 3 repeated steps of freezing in liquid nitrogen and 
boiling (100 °C for 1 min), samples were mechanically ground in 180 µl Tris-EDTA buffer 
(pH 8.4) using a mixer mill (Retsch®, MM 300) with one steel bead (3 mm) at 30 Hz for 1 
min twice with an in-between chill down step on ice. DNA was extracted using a 
commercial kit (DNA mini kit, Qiagen, Hombrechtikon, Switzerland) according to the 
manufacturer’s instruction (“tissue protocol”). The elution step was slightly modified by 
using water instead of buffer AE (elution volumes: twice 100µl, after 5 min of incubation). 
DNA of concentrated eggs (minimum 10 eggs) was also isolated using the kit and the 
protocol mentioned above following the modiﬁcations reported in Fahrion et al. (2010): 
samples were initially subjected to three freeze/boiling cycles in PBS, and the proteinase K 
digestion was done overnight (approx. 16 h). In addition, the samples were homogenized 
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by vortexing for 1 min at full speed after adding glass beads (0.1–0.2 mm diameter, 
ServaFeinbiochemica, Germany) before transferring the supernatant to spin columns for 
the washing steps. 
 
8.1.3 PCR, sequencing and data analysis 
Details of the primers used, cycling conditions for each primer pair and references are 
summarized in Table 27. The 50 µl reactions contained 25 µl of AmpliTaq Gold® 360 
master mix (Applied Biosystems®), 0.5 µl of each primer (final concentration 1 µM) and 10 
(18S rRNA gene PCR) or 20µl (mt COI gene PCR), respectively,of DNA template.A 
negative control was included in each amplification run. PCR products in 15 µl aliquots 
were detected in ethidium bromide-stained 1.5% agarose gel after electrophoresis at 100 V 
for 30 min. PCR products were purified either directly using the Minelute PCR 
purification kit or after excision from the gels using the Minelute gel extraction kit 
(Qiagen, Hombrechtikon, Switzerland). Sequencing of amplicons in both directions, either 
directly after purification or after cloning using the Topo TA cloning vector pCR2.1 
(Invitrogen, Carlsbad, CA) was done by a private company (Synergene, Zurich, 
Switzerland). The quality of individual electropherograms was verified by eye. DNA 
sequences were aligned with Multalin (Corpet 1988) and analyzed with Mega5 (Tamura et 
al. 2011). 
 
NOTE: all the biomolecular work on Trichuridae nematodes was conducted by the 
candidate at the Institute of Parasitology of the University of Zurich. 
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Table 26 Origin of Trichuridae nematodes used to amplify parts of the small subunit (18S) rRNA 
(18S rRNA) gene and the mitochondrial cytochrome c oxidase subunit I gene (mtCOI). IT : Italy, 
CH: Switzerland, n.a.: not available. 
 
Species Origin Host 
Samples 
(total nr. of 
specimens) 
Site 
Eucoleus aerophilus 
(syn. Capillaria aerophila) 
IT Fox  (Vulpes vulpes) Adult worms (7) Trachea 
CH Fox  (Vulpes vulpes) Adult worms (3) Trachea 
Eucoleus boehmi 
(syn. Capillaria boehmi) 
IT Fox  (Vulpes vulpes) Adult worms (2) 
nasal 
cavities 
IT Dog (Canis familiaris) Eggs (3 batches) 
faecal 
samples 
Pearsonema plica 
(syn. Capillaria plica) 
IT Fox  (Vulpes vulpes) Adult worms (6) 
urinary 
bladder 
CH Fox  (Vulpes vulpes) Adult worms (4) 
urinary 
bladder 
Aonchotecaputorii 
(syn. Capillariaputorii) IT 
Fox  
(Vulpes vulpes) Adult worms (4) 
stomach/ 
intestine 
Calodium hepaticum 
(syn.Capillaria hepatica) 
IT Fox  (Vulpes vulpes) Eggs (4 batches) Liver 
CH Vole  (Arvicola terrestris) Eggs (2 batches) Liver 
Calodium splenaecum 
(syn.Capillaria splenaeca) CH Crocidurasp. Eggs (1 batch) spleen 
Trichuris vulpis IT Fox  (Vulpes vulpes) Adult worms (2) Cecum 
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Table 27 Designations and sequences of primers and cycling conditions used in this study to 
amplify parts of the small subunit (18S) rRNA (18S rRNA) gene and the mitochondrial cytochrome 
c oxidase subunit I (mtCOI) gene of Trichuridae nematode. 
  
DNA 
region 
Primer designations and sequences 
(5’-3’) 
Cycling 
conditions1: 
annealing 
Amplicon 
size (bp) References 
18SrRNA 
 
18S 965  
GGCGATCAGATACCGCCCTAGTT 
18S 1573R  
TACAAAGGGCAGGGACGTAAT 
53°C for 30 sec 
 
~620 Powers et al. 2009 
mtCOI 
COIFmod  
TGRTTTTTTGGICAYCCIGARG 
COIRmod 
CACTACATAGTADGTRTCRTG 
54°C for 1 min 
 
~400 this study 
mtCOI 
COICapillF2 
TCAGGWAAATTYAARGTWTTYGGTC 
COICapillR2 
GTAGGTGTCGTGWAGTARAAG 
55°C for 1 min 
 
~250 this study 
 
1cycling conditions for all assays are: 95°C for 15 min; 40 cycles of 94°C for 30 sec; annealing; 72 °C 
for 1 min; final elongation at 72°C for 10 min. 
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8.2 RESULTS  
 
8.2.1 18S rRNA gene 
A portion (~620 bp) of the 18S rRNA gene was amplified and sequenced from E. 
aerophilus, E. boehmi, P. plica, A. putorii, C. hepaticum, C. splenaecum and T. vulpis, 
yielding the first such sequences of all the capillariid nematodes (Table 28). 
The T. vulpis sequences were 99-100% identical to the other T. vulpis sequences 
(accession numbers GQ352556-GQ352558) already published in GenBank. No 
intraspecific variation was observed at this locus in all investigated nematodes, also when 
comparing specimens from different geographical origin (E. aerophilus and P. plica, Table 
26) and from different hosts (C. hepaticum, Table 26). The pairwise comparison (Table 
29) shows that the 18S rRNA gene sequences of the species object of our study are highly 
conserved: E. aerophilus and E. boehmi, e.g., differ at only 3 polymorphic sites (2 
transitions and 1 transversion), C. hepaticum and P. plica at only 4 polymorphic sites (3 
transitions and 1 transversion), while C. hepaticum and C. splenaecum differ at 9 
polymorphic sites (7 transitions and 2 transversions). Figure 10 shows a phenogram based 
on partial 18S rRNA gene sequences amongthe Trichuridae object of this study and the 
other Trichuridae available in GenBank. The 18S rRNA gene sequences of the examined 
Capillarinae are highly similar to the only 18S rRNA sequences available in GenBank from 
the same subfamily (E. dispar, C. tenuissima). Remarkable is the separation of 
Trichurinae from Capillarinae and, among these, the distinct clades of the respiratory 
parasites (E.aerophilus, E.boehmi and E.dispar) and of the parasites colonizing 
abdominal organs of mammals (C. splenaecum, A. putorii, P. plica and C. hepaticum). 
 
8.2.2 mtCOI gene 
A portion of the mt COI gene of E. aerophilus, E. boehmi, P. plica, A. putorii and T.vulpis 
was amplified and sequenced (~450 bp) using primers COIFmod and COIRmod (Table 
27) which were modified from primers described earlier (Lazarova et al. 2006) 
considering the Enoplida sequences available in GenBank. When applied to C. hepaticum 
DNA obtained from eggs embedded in liver parenchyma, host DNA was amplified and 
thus another primer pair, COICapillF2-COICapillR2 (Table 26), was devised based on the 
above mentioned new Trichuridae sequences obtained with primers COIFmod and 
COIRmod. Unfortunately, it was not possible to obtain any mt COI sequence of C. 
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splenaecum. Thus, the first such sequences of E. boehmi, P. plica, C. hepaticum, A. putorii 
and T. vulpis were determined (Table 28). 
Eucoleus aerophilus sequences showed 99-100% identityto the sequences of E. aerophilus 
(JQ905052 - JQ905059) in GenBank. Closer analysis of the sequences from 4 worms 
showed the existence of 4 haplotypes, differing at one position (3 transversions and one 
transition).Two haplotypes each were identified among the 3 A.putorii sequences and the 
2 C. hepaticum sequences, with 4 polymorphic sites each (all transitions). No intraspecific 
variation was observed in P. plica (4 isolates) and in T. vulpis (3 isolates).Interspecific 
variation among the Trichuridae object of the study is higher at the mt COI gene locus 
than at the 18S rRNA gene (Table 30). Figure 11 shows a dendrogram of the genetic 
relations based on mt COI sequences among the Trichuridae object of this study and the 
other Trichuridae available in GenBank, with Trichinella spiralis as the out group. Again, 
the distinction between Capillarine and Trichurinae is clear. 
 
Table 28 Access numbers of the sequences found in this study, associated to the host species and 
country of origin of the parasitic material. 
Species Origin Hosts 
GenBank accession numbers 
18S rRNA mt COI 
Eucoleus aerophilus 
(syn.Capillaria 
aerophila) 
IT Fox  (Vulpesvulpes) 
JX411622 -JX411627; 
JX411630 
KC341988; 
KC341991 
CH Fox  (Vulpesvulpes) 
JX411628 - 
JX411629; 
JX411631 
KC341989; 
KC341990 
Eucoleus boehmi 
(syn. Capillaria 
boehmi) 
IT Fox  (Vulpesvulpes) 
KC341986 - 
KC341987 KC341992 
IT Dog JX456628 -JX456630 n.a. 
Pearsonema plica 
(syn. Capillaria plica) 
IT Fox  (Vulpesvulpes) JX456614 - JX456619 KC355424; KC355427 
CH Fox  (Vulpesvulpes) JX456620 - JX456623 KC355425 -KC355426 
Aonchotecaputorii 
(syn. Capillaria 
putorii) 
IT Fox  (Vulpesvulpes) JX456624 -JX456627 KC355428 - KC355430 
Calodium hepaticum 
(syn.Capillaria 
hepatica) 
IT Fox  (Vulpesvulpes) JX456631 -JX456634 n.a. 
CH Vole  (Arvicolaterrestris) JX456635 -JX456636 KC355434 - KC355435 
Calodium splenaecum 
(syn.Capillaria 
splenaeca) 
CH Crocidurasp. KC753538  
Trichuris vulpis IT Fox  (Vulpesvulpes) 
KC341984 - 
KC341985 KC355431- KC355433 
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Table 29 Pairwise comparison of nucleotide differences in the partial sequences of the small 
subunit rRNA (18S rRNA)gene of the Trichuridae sequences obtained in this study.DNA sequences 
were analyzed with Mega5 (Tamura et al. 2011). 
 
 Eucoleus 
aerophilus 
Eucoleus 
boehmi 
Pearsonema 
plica 
Calodium 
splenaecum 
Aonchotheca 
putorii 
Calodium 
hepaticum 
Trichuris 
vulpis 
Eucoleus 
Aerophilus 
--       
Eucoleus 
Boehmi 
0.006 --      
Pearsonema 
plica 
0.061 0.065 --     
Calodium 
splenaecum 
0.061 0.067 0.012 --    
Aonchotheca 
putorii 
0.066 0.070 0.008 0.016 --   
Calodium 
Hepaticum 
0.063 0.068 0.008 0.020 0.016 --  
Trichuris 
Vulpis 
0.099 0.105 0.095 0.090 0.090 0.090 -- 
 
 
Table 30 Pairwise comparison of nucleotide differences in the partial sequences of the 
mitochondrial cytochrome c oxidase subunit I (mt COI) geneof the Trichuridae sequences obtained 
in this study.In case several haplotypes were present the consensus sequence was used.DNA 
sequences were analyzed with Mega5 (Tamura et al. 2011). 
 Eucoleus 
aerophilus 
Eucoleus 
boehmi 
Pearsonema 
plica 
Aonchotheca putorii Calodium hepaticum Trichuris vulpis 
Eucoleus aerophilus 
--      
Eucoleus 
Boehmi 
0.114 --     
Pearsonema plica 0.273 0.306 --    
Aonchotheca putorii 0.262 0.256 0.155 --   
Calodium hepaticum 0.127 0.160 0.319 0.278 --  
Trichuris 
Vulpis 
0.324 0.345 0.345 0.325 0.360 -- 
  
99 
 
Fig. 10 Phenogrambased on the partial sequences of the small subunit rRNA (18S rRNA)gene from 
species of the Family Trichuridae (sequences from this study and retrieved from GenBank), with 
Trichinellaspiralis as outgroup, inferred by using the maximum likelihood method based on the 
Kimura 2-parameter model.  
 
 
 
The bootstrap consensus tree inferred from 100 replicates is given. The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (100 replicates) are shown next to the branches (only values over 50% are 
included).Analyses were conducted in Mega5 (Tamura et al., 2011).In brackets are the number of sequences used (for the 
sequences obtained in this study) and the access numbers (for sequences retrieved from GenBank). 
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Fig. 11. .Phenogrambased on the partial sequences of the mitochondrial cytochrome c oxidase 
subunit I (mt COI) gene from species of the Family Trichuridae (sequences from this study and 
retrieved from GenBank), with Trichinellaspiralis as the outgroup inferred by using the maximum 
likelihood method based on the Kimura 2-parameter model.  
 
 
 
The bootstrap consensus tree inferred from 100 replicates is taken. The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (100 replicates) are shown next to the branches (only values over 50% are 
included).Analyses were conducted in Mega5 (Tamura et al., 2011).In brackets are the number of sequences used (for the 
sequences obtained in this study) and the access numbers (for sequences retrieved from GenBank).  
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8.3 DISCUSSION  
 
The present findings contribute to the genetic characterization of Trichuridae nematodes. 
In fact, before this work, the only partially characterized sequences of Capillarinae were 
those of the small subunit rRNA (18S rRNA) gene of bird capillariids (Honisch and Krone 
2008) and of the mitochondrial cytochrome c oxidase subunit I gene (mt COI) of rodent 
and marsupial capillariids (Zhu et al. 2000) and of E. aerophilus (Di Cesare et al. 2012). 
Regarding Trichuris spp., more sequences were available, including the full mitochondrial 
genome of T. trichiura, T. ovis, T. discolor and T. suis (Liu et al. 2012a; Liu et al. 2012b), 
but for T. vulpis only partial sequences of the internal transcribed spacer (ITS) were 
known. 
The 18S rRNA locus is highly conserved among the different species and shows too low 
interspecific variability to be useful to develop specific diagnostic oligonucleotides, but 
could represent a first step for a better understanding of the Trichuridae’s taxonomic 
relations. The Capillarinae’s taxonomy in particular is considered one of the most 
unsatisfactory in the Nematoda (Anderson 1992; Moravec et al. 1987). According to a 
taxonomical rearrangement (Moravec 1982), Capillarinae was considered a separate 
family (Capillaridae), and most of the species formerly belonging to the genus Capillaria 
were reclassified into renamed genera: Eucoleus (adults parasitizing airways), 
Aonchotheca (adults parasitizing the gastrointestinal tract), Pearsonema (adults in 
urinary tract), Calodium (adults in liver and spleen). Although this classification was 
adopted by other scientists (Anderson 1992; Barus and Libosvárský 1984), the former 
name Capillaria is still widely used and the capillariids’ taxonomy is still confusing. 
Interestingly, the analysis of the relations between the species based on the 18S rRNA 
gene locus (Fig. 11) supports the latest taxonomic revision (Moravec 1982).Of particular 
interest is C. splenaecum, a rarely reported parasite of the spleen of small mammals 
(Portolés et al. 2004; Freitas et al. 1936). Some reports found capillariid eggs in the spleen 
associated with hepatic capillariosis (Bhattacharya et al. 1999); however, in our case, the 
genetic difference in the 18S rRNA sequence, together with the morphology of the eggs in 
the spleen, proved the presence of C. splenaecum 
As there is considerable interspecific divergence in the mt COI gene (Tab. 29), this locus is 
particularly valuable in resolving closely related species. The amplification of a part of the 
mtCOI gene, originally proposed as the standard for DNA barcoding (Hebert et al. 2003), 
however, could present some practical issues, mainly due to the unavailability of PCR 
primers working across the entire phylum (Pereira et al. 2010).In fact, the amplification of 
part of the mt COI gene of the nematodes object of the study was not straightforward. 
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Attempts were initially made using primers JB3 and JB4.5 (Zhu et al. 2000), but the 
amplicons obtained with DNA of T. vulpis, E. aerophilus, E. boehmi, P. plica and C. 
hepaticum invariably yielded very poor (superimposed) sequences. On the contrary, the 
same primers on DNA of Ascaris suumand Angiostrongylus vasorum yielded clear 
sequences identical to corresponding GenBank entries (not shown). Attempts with other 
primers described in the literature (BpCoxI-F1 and BpCoxI-R1, Sato et al. 2005; 
NemamitoCOIF and NemamitoCOIR, Wickramasinghe et al. 2009) yielded no amplicons 
at all or ambiguous sequences. Moreover, primers COX1NemF-COX1NemR, used in the 
study of Di Cesare et al. (2012) successfully amplified only E. aerophilus DNA. 
The characterization of the new mt COI gene sequences obtained in this work could be 
useful for an accurate diagnosis of Trichuridae infections.In the last years canine and 
feline respiratory capillariosis caused by E. aerophilus and E. boehmi have received 
increasing attention (Conboy 2009), and more and more cases have been reported in 
Europe and North America (Clark et al. 2013; Magi et al. 2012a; Piperisova et al.2010; 
Burgess et al. 2008; Barrs et al. 2000). Data on the presence of other capillariidsin Europe 
are fragmentary. Aonchotheca putorii has been reported in the digestive tract of wild 
mammals (Di Cerbo et al. 2008) and of cats (Curtsinger et al.1993). Pearsonema plica has 
been found in the urinary bladder of dogs, cats and wild carnivores (Rossi et al. 2011; 
Whitehead 2009; Davidson et al. 2006; Senior et al. 1980). Eggs of this species are 
released in the urine but they can be found in faeces in the case of contaminations. 
Calodium hepaticum is a zoonotic liver parasite typically found in rodents (Reperant and 
Deplazes 2005), sporadically reported in carnivores and in a wide range of other mammals 
(Moravec 2000; Macchioni et al. in press). Eggs can be found in faeces in spurious 
infections (Fuehrer et al. 2011). The similar egg morphology of all these nematodes makes 
diagnosis challenging, especially for less known species such as E. boehmi, A. putorii and 
C. splenaecum. Moreover, capillariid infections maybe underestimated due to 
misdiagnosis with the better known T. vulpis. A biomolecular approach will be useful for 
solving doubts about the zoonotic potential of T. vulpis and future studies will aim at 
developing species-specific diagnostic tools using mitochondrial genetic markers defined 
in the present study. 
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9. FINAL CONSIDERATIONS 
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The epidemiological investigation has demonstrated that foxes in the study area represent 
the reservoir of a wide variety of species of medical and veterinary relevance, including 
cardiopulmonary species (Angiostrongylus vasorum, Eucoleus aerophilus and 
Crenosoma vulpis), parasites of the urinary tract (Pearsonema plica) and gastrointestinal 
species (Toxocara canis, Toxascaris leonina, Uncinaria stenocephala, Spirocerca lupi, 
Mesocestoides spp. and Dilepididae). 
Considering the fact that all these parasites are in common with the dog, the survey has 
been useful also for the acquisition of data on those species that are less common and 
probably underestimated in domestic animals. 
As regards A. vasorum, despite the high prevalence in foxes, the prevalence in dogs was 
low. This fact may be due to poor palatability of the intermediate hosts for the dog and to 
the fact that canine angiostrongylosis represents an epiphenomenon of the cycle 
"gastropod-fox" (Bolt et al. 1994; Eckert and Lämmler 1972). With the ELISA tests, a few 
more proven cases were found in dogs; the serology proved to be a valid alternative 
diagnostic method (Guardone et al. 2013, Appendix 3). 
A remarkable variety of nematodes of the family Trichuridae was found in both species. 
The isolation of adults and eggs in positive foxes and dogs in the course of the 
investigation allowed to evaluate the differences between the surface of the egg of a variety 
of species using the scanning electron microscopy. Furthermore with the use of 
biomolecular methods the first partial sequences of the gene 18S and the mtCOI of the 
species found in the study were obtained. These sequences will be useful to develop 
primers for the specific diagnosis. 
Even if the diagnosis of capillariosis and angiostrongylosis in dogs is rare, our data show 
that they are present in the study area and that they should be considered in the 
differential diagnosis in animals with cardiopulmonary or other compatible symptoms. 
In this study the presence of filariasis is reported in dogs in a historically free area 
(Pampiglione et al. 1986), suggesting the need to begin the prophylaxis in dogs in this 
region. The absence of filariasis in foxes confirms the hypothesis that this species 
represents an epiphenomenon in the epidemiology of D. immitis (Stancampiano et al 
1998). 
E. multilocularis and Trichinella spp. were also not found in foxes; however this does not 
allow ruling out the presence of these parasites, considering the recent discovery of a 
human case of trichinellosis (Romano et al. 2011) in the area. The monitoring of wild 
species is important to increase the epidemiological surveillance of zoonotic and 
veterinary relevant parasites.  
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